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'* Though Nature is now no longer, as it were, a sealed book, but 
lies more transparent and less veiled to the eye, the moral and material 
uniyerse still remains to us by no means disenchanted of its beauty, 
and of its religion ; for the mystic ground of things unknown is carried 
only a remove beyond its former boundary, and to a higher sphere." 

Dr. VERiTr. 
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LECTUEE V. 
Pabt I. — The Jurassic Formation : Oolitb and Lias. 



1. Zoology of the Chalk. 2. Zoology of the Wealden. 3. Site of the Country of the 
Iguanodon. 4. Lithological structure of the Country of the Iguanodon. 5. Medial 
Secondary Formations. 6. General view of the Oolite and Lias. 7. The Oolite or 
Roe-stone. 8. Geographical distribution of the Oolite. 9. Railway Sections. 
10. Subdivisions of the Oolite : Portland Rock. II. KimmeridgeClay. 12. Oxford 
Oolite. 13. Oxford Clay. 14. KeUoway Rock and Cornbrash. 15. The Cottes- 
wold Hills. 16. The Stonesfield Slate 17. Organic Remains of the Stonesiield 
slate. 18. Fossil Mammalia of Stonesfield. 19. Comparison of the Stonesfield 
and Wealden Fossils. 20. Lithographic Oolite of Germany. 21. Carboniferous 
strata of the Oolite. 22. Collyweston Slates. 23. Carboniferous Oolite of Brora. 
24. Carboniferous Oolite of Eastern Virginia. 25. The Lias. 26. Organic Remains 
ofthe Jurassic System. 27. Zoophytes and Radiaria. 28. MoUusca. 29. Crus- 
taceans and Insects. 30. Fishes. 31. Reptiles of the Jurassic System. 

1. Zoology of the Chalk. — The examination of the 
Cretaceous and Wealden formations has afforded an in- 
structive exposition, not only of the nature of oceanic 
and river deposits in general, but also of the condition of 
animated nature at the close of the geological cycle which 
comprises the secondary epochs. It will therefore be 
expedient in this stage of our inquiry to consider the 
general features of the animal kingdom during the periods 
embraced in this review. 

VOL. II. K K 



484 THE WONDERS OF GEOLOGY. Lect. V. 

In the ocean-bed of the chalk we find vestiges of all the 
principal groups of existing marine organisms ; comprising 
many genera of the Shark family — viz. species of Cestracion, 
Acanthias, Lamna, Galeus, &c. ; with fishes related to the 
Chimaera, Salmon, Smelt, Pike, Ray, &c. : in fact, the 
leading types of the majority of the fishes that inhabit the 
present seas,* The Cephalopoda and Echinodermata or 
Sea-urchins, were profusely developed ; Star-fishes, En- 
crinites, and other Radiaria ; crustaceans allied to the Crab, 
Lobster, Shrimp, Prawn, &c. ; univalve and bivalve mol- 
lusca ; and innumerable multitudes of Foraminifera ; — all 
these forms of animal existence have left enduring memo- 
rials of their presence in the seas of those remote ages. 
And although we have likewise proof that numerous 
extinct genera, together with others now of excessive 
rarity, swarmed in prodigious numbers in the cretaceous 
ocean; and negative evidence that the Cetacea, as the 
Whale, Porpoise, Seal, &c., were not among its inhabit- 
ants, yet the diversified types of animated beings whose 
relics are entombed in these strata, show that the waters of 
the deep possessed the same general conditions, and main- 
tained the same relations with the atmosphere and with 
light, as at the present time. 

The most remarkable peculiarity in the zoological features 
of the Chalk, relates to the predominance of Reptiles ; for, 
with the single exception of a lizard belonging to the 
family of the Iguunidce^ which inhabits certain parts of 
the sea-coasts of South America, f the Chelonians or 
Turtles, are the only known existing marine animals of 
this class. But the cretaceous sea was tenanted by several 
saurians of considerable magnitude; namely, the Mosa- 

* See the chronological table in M. Agassiz*s Recherches Bur les 
Poissons Fossiles, tome i. 

f Tlie Amblyrhyncliu8 cristattis of the Galapagos Islands : see Mr. 
Darwin's Journal^ in the Colonial Libraiji p. 885. 
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saunis (p. 3ll), Polyptychodon (p. 354), Ichthjosaoras,'*' 
Resiosaurus, and others, of which imperfect vestiges 
only have been obtained. 

Of the terrestrial fauna and flora, the evidence to be 
derived from deep sea deposits must of course be scanty. 
We have however proof that the then dry land was clothed 
with forests of pines, and that ferns, and plants of the 
cycadeous tribes, formed the prevailing vegetation ; and that 
the country was inhabited by Iguanodons, Pterodactyles, 
and other reptiles. 

2. Zoology of the Wealden. — From data of a like 
nature, we learn that during the deposition of the Wealden, 
there was an extensive region traversed by streams and 
rivers swarming with fishes, crustaceans, and mollusca, 
of extinct species, but belonging to the same principal 
types as those which inhabit the fresh waters of tropical 
climates, under similar conditions : and that then, as now, 
fluviatile turtles and crocodilian reptiles tenanted the 
swamps and marshes. 

Of the inhabitants of the land, we have more ample 
information from the relics engulfed in the deltas and 
lacustrine sediments, than could be afforded by deposits 
accumulated in the depths of the ocean, and far from the 
regions whence they were derived. 

Colossal herbivorous and carnivorous lizards, differing 
essentially in their organization from all existing reptiles, 
and of which no vestiges have been discovered in any 
strata newer than the Chalk, were the principal terrestrial 
Tertebrata of the Wealden epoch. These, together with a 
few flying reptiles, and lizards of small size, and probably 
some kinds of wading birds, constituted the entire fauna 
of the regions which furnished the materials of this for- 

* A new species of Ichthyosaurus, having the fangs of the lower 
teeth curved, (/. campylodon), has lately been found in the Lower- 
Chalk of Cambridgeshire : see London Geological Journal, No. I. p. 7. 
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486 THE WONDERS OP GEOLOGY. Lect. V. 

mation. The flora consisted chiefly of coniferous trees, 
ferns, cycadeous plants, cypresses, and a few unknown, 
but apparently related forms. In fact, the islands and 
continents of the Wealden and Cretaceous epochs, appear 
to have possessed the same zoological and botanical cha- 
racters. Here then we have the first glimpse of extensive 
regions almost exclusively inhabited by enormous reptiles : 
for though the leaves and fruits of delicate plants, and the 
fragile bones of birds and flying reptiles, and brittle shells 
with their ligaments and epidermis remaining, are found 
imbedded in the sediments of the rivers and seas, not 
the slightest traces of any mammiferous animal have been 
discovered! I forbear to comment in this place on this 
extraordinary fact, of which our examination of the tertiary 
formations afforded no intimation. We have now ap- 
proached the Age of Reptiles ; — that geological epoch, in 
which the earth swarmed with enormous oviparous qua- 
drupeds, and the air and the waters alike teemed with rep- 
tilian forms. 

3. Site op the country of the Iguanodon. — ^Before 
we pass to the investigation of the older secondary for- 
mations, I would briefly reconsider the question as to the 
geographical position of the principal tracts of country 
during the deposition of the Wealden and cretaceous strata; 
— whether England was then dry land, and enjoyed a 
tropical climate ; and whether turtles, crocodiles, and 
gigantic lizards, here flourished amid groves of tree-ferns, 
and other productions of intertropical climes; or, on the 
contrary, whether the country of the Iguanodon was 
situated far distant from the area now covered by its 
spoils ? 

The unequivocal marks of transport which, as we have 
seen, the fossils so generally exhibit, seem to demonstrate 
that the reptiles and terrestrial plants could not have 
lived and died in the regions where their relics are im- 



leiM: ftnr widi Hhb ezcepMon of ifae beds dtihet nk&ls 
mi cnisteoeaii% and the pbmts whicli indicate a lacus; 
trfae mmH&aif the oarganio' remains bear indisputably 
■■ii of having been transported ftom some remote 
mmflryf hy a river, or powerful flood of fresh-water.* 

fhe qpecimen of the HjbBOsauraSy (ante, p. 435,) throwii 
%kl on flus question. Many of the yertelnrs and ribs are 
Mm and splintered, but the fragments remain near eadi 
liMTs andtibongh the bones are, more or less, displaced, yet 
AqrBe in situations bearing some relation to their natural 

These fiicts demonstrate that the carcass of the 
must have been contused, and mutilated, and that 
He didocated and broken parts were held together by 
Ihe imeleB and int^uments. In this state the headless 
must have floated down the river, and at length 

into the mud of the delta, where it formed a 
around which the stems and foliage of ferns an^ 

plants accumulated, and river i^eils became 
iilermingled in the general mass. Here then we have 
Qoeqiiivoeal evidence of the body of a terrestrial reptile 
kring been transported from a considerable distance by 
I stream or current of fresh water ; for not the slightest 
adication of marine detritus can be traced in the deposits 
is which it was imbedded. The country where this 
aninud lived and died must therefore have been situated 
Tery £kr from the spot where its fossil remains were 
CBtombed. 

An eminent geologist has the following remarks on this 
subject t 



The upright trees of tho Isle of Portland present an apparent 
i; bat this forest may have grown on an island, very remote 
ftm tlie mainland inhabited by colossal reptiles. 

f Mr. LyeU. Elements of Geology, Second Edition, vol. i. 
1.432. 
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" If it be asked where the continent was placed from whose rains 
the Wealden strata were derived, and by the drainage of which a great 
river was fed, we are half tempted to speculate on the former existence 
of the Atlantis of Plato ; for the story of the submergence of an ancient 
continent, however fabulous in history, may be true as a geological 
event. Its disappearance may have been gradual ; and we need not 
suppose that the rate of subsidence was hastened at the period when 
the displacement of a great body of fresh water by the cretaceous sea 
took place. Suppose the mean height of land drained by the river 
of the Wealden estuary to have been no more than 800 or 1000 feet: 
in that case, all except the tops of the mountains would be covered aa 
soon as the fundamental oolite, and the dirt-bed were sunk down 
about 1000 feet below the level which they occupied when the forest 
of Portland was growing. Towards the close of the period of this 
subsidence, both the sea would encroach, and the river diminish in 
volume, more rapidly; yet in such a manner, that we may easily 
conceive the sediment at first washed into the advancing sea, to have 
resembled that previously deposited by the river in the estuary. 
In fact, the upper beds of the Wealden, and the inferior strata of 
the Greensand, are not only conformable, but of similar mineral 
composition. 

" It is also a remarkable fact, that the same Jguanodon ManteUi, 
which is so conspicuous a fossil in the Wealden, has been discovered 
in the overlying Kentish-rag, near Maidstone. Hence we may infer, 
that some of the Saurians which inhabited the country of the great 
river, continued to live when part of the country had become sub- 
merged beneath the sea. Thus in our own times, we may suppose 
the bones of alligators to be frequently entombed in recent fresh-water 
strata in the delta of the Ghinges ; but if part of that delta should sink 
down so as to be covered by the sea, marine formations might begin 
to accumulate in the same space where fresh-water beds had previously 
been formed ; and yet the Ganges might still pour down its turbid 
waters in the same direction, and transport the carcasses of the same 
species of alligator to the sea ; in which case their bones might be 
included in marine as well as in subjacent fresh-water strata." 

4. LiTHOLOGICAL STRUCTUBE OP THE IgUANODQN 

COUNTRY. — The nature of the rocks and strata of which 
the country of the Iguanodon was composed is also a sub- 
ject of considerable interest ; and from the first moment that 
the fluviatile origin of thp Wealden suggested itself to mj 
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mind, to the time when I was compelled by ill health to quit 
Id of my early researches, I lost no opportunity of 

aining data by which the problem might be solved, and 
lly examined the pebbles and boulders, and the fine 

itus as well as the coarser materials of which theWealden 
beds are composed. 

My lamented friend, the late Mr. Bakewell, kindly 
afforded me his valuable aid in determining the nature of 
the rocks whence the debris was derived ; but the materials 
were too scanty to throw any satisfactory light upon the 
inquiry. In my "Fossils of Tilgate Forest*' a bed of 
conglomerate, near Cuckfield, is described as containing 
pebbles of white, yellow, pink, and mottled quartz, jasper, 
flinty-slate, and indurated sandstone : and from this deposit 
I expected to obtain more satisfactory information than 
from the fine detritus of which the sands, sandstones, and 
clays consist. But with the exception of small pebbles of rock 
crystal,* the substances above mentioned comprise all the 
transported minerals that have come under my observation. 
The abundance of micaceous particles in many of the sands 
and sandstones, and the prevalence of argillaceous and 
arenaceous deposits, seem to indicate a region in which 
were primary rocks, and strata of sandstone and clay ; for 
the quartz pebbles, and the micaceous sands and clays, 
may have been derived from decomposed granitic and felspa- 
thic rocks. I have never seen any extraneous fossils either 
in the Wealden or Chalk, with the exception of a rolled 
fragment of coniferous wood, which, from its state of 
mineralization, there is reason to conclude is from the 
oolite, f 

* Small rock crystals are often found in the sandstone near Tun- 
bridge Wells, and are cut and set in rings and brooches by the lapi- 
daries of that town. 

t This specimen was found by my friend Henry Carr, Esq. C.E., 
in a block of white chalk from a railway cutting near Epsom. See 
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The observations of Dr. Buckland on this problem 
entirely accord with the result of my own investigations. 

'* The general absence of pebbles shows that the lands were distant 
whence the fine particles of sand and clay were transported. It is not 
probable that the materials of the Wealden formation have been 
derived in any great degree from the detritus of the oolitic series, 
because in such case we should find among them an admixture of 
pebbles of oolite, none of which have yet been noticed, — we should be 
inclined rather to look for the lands whence the strata have been sup- 
plied, either in Devonshire or Cornwall, on the west ; or in the nearest 
primary and transition mountains of the Continent, viz. in Normandy 
and Brittany, on the south-west ; or in the forest of Ardennes, on the 
south-east."* 

Of the seaward extension of the delta of the Iguanodon 
river, no certain indications have yet been obtained : but it 
is evident that there must have been intercalations of the de- 
tritus and organic remains of the land and fresh- water, with 
those of the sea into which the mighty stream discharged 
its waters ; and there can be no doubt that sooner or later 
these fluvio-marine wealden strata will be discovered. 

5. Medial Secondaby Formations. — In accordance 
with the chronological arrangement (p. 200), I proceed 
to the consideration of the antecedent or medial group 
of the secondary formations, namely the Oolite, Lias, and 
Trias, As a whole, the series consists of alternations 
of clays, marls, limestones, sands, and sandstones, abounding 
in marine exuviae, and which have evidently been deposited 
in the basin of a sea or seas. With these strata are 
intercalated in some localities beds of fluvio-marine de- 
tritus, in which vestiges of land animals and plants are 
imbedded. 

The fossil remains of the inhabitants of the sea comprise 
a prodigious number of zoophytes, crinoidea, moUusca, 

Geology of the Isle of Wight, p. 193. Dr. Fitton mentions having 
found a rolled ammonite in the Wealden. 
* Geol. Trans, vol. ill. new series. 
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of extinct fomiSj cruatacea, fisliesj and reptiles; 
Hi the plants belong to many species of f uci^ alg3?^ 8ec, 

Tbctfc of tke laad coDsiat of such as were transportetl 
tiK» die ocean bj rirere and currenta, namely, trunk a and 
limicbeK uf eoniferou& trees, eycacleous plants, ft^rna, &c, ; 
ttactimc?* in the state of lignite, and coaL The animal relics 
VI pciaclpally of insects, with bones and teeth of numerous 
; ttUtl of two or three genera of small terrestrial 
malia^ Evidence ia thus afforded of the existence of 
clothed with a luxuriant vegetation, and inhabited 
^i prodigious number of reptiles, and a few warm-blooded 

I i^ftU also compriae in this Lecture a notice of the 
IVninan formation, that the Carboniferous system may 
be considered in a separate discourse, 

L General view or toe Oolite akb Lias. — The 
OaSfe formation may be described aa consisting of three 
pnncl^ argillaceous, and of an equal number of calcareous 
ikpostts* The leading subdivisions of these strata as they 
«tnr in England, and the namea by %vhich they are gene- 
laUy distinguished, are expressed in the following table, 
Ute Liaa is included, for though in conformity with the 
Koal geological classifications this group of strata is placed 
IS a separate formation in the synopsis (p. 202) ; we shall 
ibd it conyenienty and I believe more in accordance with 
the origiii and nature of the deposits, to comprise it in a 
general snrvej of the Oolitic or Jurassic system.* 

* In the Map, PL I. vol. i. the Oolite and Lias are denoted hy the 
mmt oolonr and number (4). 
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THE OOLITIC OE JUBASSIC SYSTEM. 



Upper oolite 
of the Isle of 

Portland, Wilts, { 
Bncks, Berks, 

Ozfordflhire, &c. 



Middle oolite. 



r 1. 

2. 



r 1. 

2. 



LOWEB OOLITE. 

Gloacestershire, 

Oxfordshire, ^ 
and Northamp- 
tonshire. 



Lower oolite 

of the 
Yorkshire coast 



OOLITE. 

Portland oolite ; — limestone of an oolitic struc- 
ture, abounding in ammonites, trigonise, &c., 
and other marine exuviae ; green and ferrugi- 
nous sands; layers of chert; drifted wood, 
cycadeous plants ; bones of turtles and lizards. 

Kimrrveridge clay ; — blue clay, with septaria and 
bands of sandy concretions ; marine reptiles, 
fishes, shells, corals, and other organic remains. 

Coral oolite, or coral-rag ; — ^limestone composed 
of corals, with shells and echini ; coral reefs. 
Oxford day; with septaria ; abounding in fossils ; 
beds of calcareous grit, called Eelloway-rock ^ 
also full of shells, corals, and other organic 
remains. 

Comhraah; — a coarse shelly limestone. 
Forest marble; — layers of fissile arenaceous 
limestone — coarse shelly oolite— sand, grit, and 
blue clay. 

Oreat oolite — calcareous oolitic limestone and 
freestone; upper beds, aggregates of shells. 
Stoneafield slate ; containing leaves and fruits 
of palms, cycadese, and other land plants; 
insects, reptiles, and mammalia. 
Fuller's earth beds; — marls and clays, with 
fuller's earth— sandy limestones with shells. 
Cheltenham or Inferior oolite; — coarse lime- 
stone — conglomerated masses of terebratul» 
and other shells — ferruginous sand, and con- 
cretionary blocks of sandy limestone, and shells. 

Combra^h; a thin bed of rubbly limestone; 
which in many parts is a mere aggregation of 
shells and other fossils. 
, Sandstones and days, with land plants; thin 
coal and shale ; calcareous sandstone and shelly 
limestone. 

Sandstone, often carbonaceous, with clays, full 
of leaves of terrestrial plants ; beds of coal and 
ironstone. 
Limestone, ferruginous and concretionary sands. 
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«ba)«^ and ironstone, idth plants. , 
% Ferrvgimow Ume&Ume, with carbonized woodi 

leatei^ ribi6l]% and ey^des. 
8. iSbmlMofitf iiiMl «ftd2e, with ^100 de<29 oftoaL 



1. l^fTperrtos^afe^ieplfitewi^remaiiis^^rq^^ 
tOai^ e^ociaUy of Ichth^roaaiiii and Hesip^ 
aanri; CHn^udeainprofoaion: Ornstaoea: bor 
lemnltieB, anunonitee» &a ; nodular ooiuaeUons 
and beds of limestone. 

2. Liaa morCitofie— caLcareons, sandy, and i^arm^ 
ginoos strata,, ineiy rich in terebratidiB and 
otherfbssils; wood^tons, and qreadeoospiaatsi^ 
&c 

& LotoerLuu clay and 6^b26»abonnding in shells 
^~gryphea inearva, &c. — ^Interlaminations of 
sands and nodules of limestone. 

4. IAm fvck; a series of laminated IkoMtones, 
with partings of daj. 

This list, extensive as it appears, exhibits only the 
principal deposits observable in the extensive series com- 
prised in the Oolitic system. The difference observable 
between the lower beds of the Oolites of the midland 
CQimtieS) and those of Yorkshire and Scotland, in the 
presence of accumulations of vegetable matter in the state 
of coel, with the remains of terrestrial plants ; together 
wilfa the relics of insects, land-plants, and Mammalia, 
in the Stonesfield slate, attest the existence of land, 
and the action of rivers and currents. Our previous ob- 
servations on the nature of oceanic deposits (ante, p. 57), will 
have prepared the intelligent reader for such intercalations 
of terrestrial detritus and organic remains in the beds of 
the ancient seas. 

From the above table it is seen that the Inferior or lower 
Oolite rests on the argillaceous beds termed Li4is clay$ : 
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and that upon it is superimposed the Oxford clay ; next 
follows the Middle Oolite ; which is surmounted by another 
thick argillaceous deposit, the Kimmeridge clay ; and upon 
this is the Portland or Upper Oolite. 

7. Oolite, or roe-stone. — The limestones of this for- 
mation have very generally a peculiar structure, being 
composed of an aggregation of small rounded grains or 
spherules, presenting some resemblance to clusters of 
small eggs, or the roes of fishes ; whence the name oolite, or 
egg, or roe-stone, which is now applied, not only to lime- 
stones possessing this character, but also to the entire series 
of deposits which intervenes between the Chalk and Weal- 
den above, and the Lias below. On the Continent the group 
is generally termed " Terrains Jurassiques,^ from the 
Jura mountains that divide France from Switzerland being 
largely composed of these deposits. 

The oolitic structure is not however confined to this 
division of the secondary rocks ; for it occurs in tertiary, 
and also in some of the most ancient sedimentary strata. 
It consists of an aggregation of grains or globules of calca- 
reous matter, composed of concentric laminas which com- 
monly have an atom of sand, or a minute shell or coral, as 
a nucleus. These globules owe their formation to the 
deposition of successive spheroidal concretions around the 
included body while subjected to the action of water in 
which a rotatory motion is induced ; and the spheroids 
continue to increase, till they become too heavy for further 
transport, and then subside, and are consolidated by sub- 
sequent infiltration. When the individual spheres are of a 
large size, the aggregated mass is called pisolite, or pea- 
stone. The springs near Carlsbad deposit a beautiful 
conglomerate of this kind, some masses of which are suffi- 
ciently compact to admit of being manufactured into boxes, 
and other ornaments. Polished slices exhibit every variety 
of sections of the concentric layers of which the concretions 



mw mp o&i d i ttd as die edbiir vuies^from a jpHre wbite 
Hi daiiaite htown, the surftoe is eli^gan^ marked with 
iMi ef Tarioiui tints* . « ^ ' 

& CfaMMOUPmCUJ^ mSTXlBUTXOK OF tBB OOUTl&^^r-'The 

Unfa above eniimerated form a striking feature in tlie 
]^jiuSL'g&igmjfixf of Ei^landi £nim the southern skore of 
to the Yorkshire coast. Thejr constitute a 
of considerahle elevation^ the greatest heights 
to 1500 feet^ which extends in a tortuous line 
Dofsetehire coasts through fiomersetsbire^ Wilt- 
Hn, Gloucestershire, Oxfordshire, Northamptcmshire, 
alUiediashire, to the eastern shores of Yorkshire.. This 
tnel generaUj presents a bold escarpment to the west^ and 
ipnidualljr to the east, dividing the eastern and 
drainage of that part of England.* 
Certain subdivisions (^ the Oolite predominate in pern 
loedi&s ; thus^ the Oxford clay piievails in the 
eoimties,--^the grey rubblj limestone, called 
Conlnraah, at Malmsbury, Chippenham, &c. — the Forest 
Barbie in Oxfordshire and Somersetshire, — ^the Great 
Ocdite, at Bath, — the Stonesfield slate, near Woodstock, — 
and the Inferior Oolite, in the Cotteswold hills. 

On the Continent the Oolite appears in Normandy, and 
its characteristic fossils prevail in the quarries around Caen ; 
diverging into several branches or ranges of hills, it tra- 
▼erses France, forms the chief feature of the Jura mountains, 
and constitutes part of the Alps ; and in the latter, strata 
belonging to this system appear greatly altered in their 
Diineral<^cal composition from the effect of metamorphic 
action. The Oolite of the continent contains the lithogra- 
phic stones and slates of Pappenheim, Solenhofenj Manheim, 
fcc ; some beds of which are celebrated for the beauty 
and variety of their fossil remains. 

• See Geology of Yorkshire, by Professor Phillips. 
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The Lias forms a district that lies parallel with the 
escarpment of the oolite, from heneath the hase of which it 
emerges ; it traverses the country from the well-know? 
cliffs at Lyme Regis in Dorsetshire^ to near Bedcar, on the 
Yorkshire coast 

9. Railway sections. — In a previous lecture (vol. i. p« 
363) we described the sections presented by the south-ei 
railway, as affording a coup-d'oeil of the geologi i ue* 
ture of that part of England : in like manner the iin ;hat 
traverse our Island in other directions enable the in u I 
observer to obtain a general idea of the geographical dis 
bution and position of the principal groups of the r< 
and strata. 

More than a quarter of a century since, the informati< 
to be derived from such a survey was admirably pointed 
out by Mr, Conybeare.* "If," observes that eminent 
geologist, " we suppose an intelligent traveller taking 1 
departure from the metropolis, to make from that point 
several successive journies to various parts of this Island, 
for instance, to North or South Wales, or to Cumberland, 
or Northumberland, he cannot fail to notice (if he pays any 
attention to the physical geography of the country through 
which he passes) that before he arrives at the districts in 
which Coal is found, he will first pass a tract of day and 
sand ; then another of Chalk ; that he will next observe 
numerous quarries of the calcareous freestone used in 
architecture ; that he will afterwards pass a broad zone of 
red marls and sands, and beyond this will find himself in 
the midst of coal mines and iron furnaces. This order he 
will find to be invariably the same, whichever of the 
routes above indicated he pursues ; and if he proceeds 
further, he will perceive near the limits of the coal fields, 
hills of compact limestone, affording grey and dark marbles, 

* Geology of England and Wales, p. ii. 
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iboanding in mines of lead and zinc; and at a yet 
distance, mountainous tracts in which roofing slate 

II ind mineral veins yet more valuable ; and lastly, 
te will often find, surrounded by these slaty tracts, central 
g of granitic rocks.** 

\ Great Western Railway, from London to Bath, and 

iirmingliam line from Euston Square to Derby, respec- 
ti J traverse the strata comprised in the oolitic system ; 
fcr < • present purpose the former will afford the most 
n ve illustration. From the Paddington station, 
wluch is situated on London Clay (p. 229,) the line 
passes along tertiary strata, by £aling, Han well, and 
Songh, and enters the chalk near Maidenhead ; beyond 
Vaflingford it traverses the clays and limestones of the 
OoHte, and the cuttings in many places exhibit good 
seetions of these deposits. Near Bath it emerges on the 
lias, and crossing a narrow belt of Triassic strata, passes 
oa to the Carboniferous beds of the Bristol coal-measures. 
In tj route there are several localities of considerable 
est, as Faringdon, Swindon, Chippenham, Calne, &c. 

?^hich we shall allude hereafter.* 

10. Subdivision of the Oolite : — Pobtland OoLiTE.f 
^Beds of limestone, having the structure above described, 

• See Medals of Creation, vol. ii. Geological Excursions to Clifton, 
pi 922 ; and, for the section exposed by the Birmingham and Derby 
liDe, Excursions to Matlock, p. 933. 

Mr. Hugh Miller contrasts the appearance of these railway sections, 

ia consequence of the low angle of inclination in which the secondary 

I in England generally He, with those of Scotland, as laid bare in 

oe ime from Glasgow to Edinburgh. There every few hundred yards 

a the line brings the traveller to a trap rock, against which the strata 

1 at every possible angle of elevation. 
I jTor details of the geological phenomena exhibited by the beds 
the Chalk, and above the New Red sandstone, in the South-east 
« laigland. Dr. Fitton's elaborate memoir, in the GeoL Trans, {new 
mes) vol. iv. should be consulted. 
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form the principal lithological features of the calcareous 
portion of the Oolite, and the uppermost deposits consist of 
a series of such strata abounding in marine shells. From 
the great employment of certain beds of this stone for 
architectural purposes, and the extensive quarries that have j 
for centuries been worked in the Isle of Portland, this ■ 
upper group is called the Portland oolite. In the south of 3 
England, as we have already had occasion to mention,* the r 
Portland beds are covered by the Wealden strata, and in , 
some places by layers of vegetable mould, and petrified ;, 
upright trunks of pine-trees. In the inland counties, as ^ 
Wiltshire, Berkshire, &c.y they are overlaid by the lowest „ 
member of the cretaceous formation, the Greensand, no . 
intercalations of fresh-water deposits being apparent ; but ^ 
the oolite limestone, full of terebratulae, trigoniae, ammonites . 
and corals, is immediately covered by sand and sandstonei , 
containing other species of the same genera of marine shells. ■ 
The lower part of this group is composed of a bed of sand 
{Portland sand) from 50 to 80 feet thick, which gradually . 
passes into the underlying clay. The fossils of the Portland 
beds are very numerous ; large ammonites, pleurotomarise, 
trigoniae, pectens, oysters, pernae, terebratulaB, turritellse, 
&c. and bones of saurians, and drifted coniferous wood, 
are among the prevailing organic remains.! 

11, The Kimmeridge clay. — This argillaceous deposit 
consists of dark bluish and grey clay, which in some 
parts passes into highly bituminous shale ; the name is 
derived from Kimmeridge in Dorsetshire, where some of 
the layers are sufficiently combustible to be used as fueLJ 

* See Geological Excursion round the Isles of Wight and Portland, 
p. 393. 

f As a British locality exhibiting the Portland strata and their ' 
characteristic fossils, Swindon in Wiltshire is the most interesting 
with which I am acquainted. See Geological Excursions in my Medals 
of Creation, vol. ii. p. 927. 

X Kimmeridge Coal. See Excursions round the Isle of Wight, p. 367. 
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This deposit is in some places 300 feet in thickness, but 
thins out to a very inconsiderable layer in some localities ; 
and in the northern counties of England is altogether 
wanting. 

Around Hartwell in the vale of Aylesbury, in Bucking- 
hamshire, this clay is largely developed, and abounds in 
organic remains of great beauty and interest. I know of 
no locality which has yielded such splendid specimens of 
Ammonites, Rostellariae, Pleurotomariae, PernaB, &c. ; 
the nacreous or pearly coat of the shells of the ammonites 
is often as perfect and splendid with iridescent colours as 
in a polished recent nautilus shell. Many of the shells, of 
which casts only occur in the Portland rock above, are 
found preserved entire in the clay. A flat oyster of a 
deltoid form ( Ostrea deltoidea) is very abundant, and is 
erally considered as peculiar to this clay, but it occurs 
in the Oxford clay, which is lower in the series. 

Bones of Ichthyosauri, Plesiosauri, and Cetiosauri, are 
occasionally found : and scales, teeth, and other remains 
of fishes, among which are mandibles of the Chimaeroids.* 

12. The Oxford Oolite. — The Kimmeridge clay rests 
on beds of coralline limestones, provincially termed Coral- 
rag, many of which are literally petrified coral-reefs, 
consisting of coarse limestone, composed of madrepores, 
astreae, caryophylliae, and other stony corals, having the 
interstices filled up with shells, echinoderms, sand, and 
pebbles ; the whole is more or less consolidated by calcareous, 
ind in some instances by siliceous, infiltrations. So obvious 
is the origin of these rocks, that the most incurious observer 
who travels through the districts where these deposits pre- 
vail, cannot fail to remark the blocks of coral which every- 

* The extensive Museum of Dr. Lee of Hartwell contains a fine 
ction of fossils from the neighbourhood, to which strangers arc 
mowed free access by the learned and liberal proprietor. 
VOL. II. L L 
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where meet his view in the quarries and on the road-side. 
In many parts of Wiltshire, Berkshire, and Gloucestershire, 




LiGN. 111.— Shells and Echinites from the Oolite and Lias. 

Fig. 1. Trigonia clavellata ; from the Oxford clay. 

2. ; a limestone cast, from Portland. 

3. Cidaris Blumenbachii ; Oolite, Calne. 

4. Trigonia costata ; Oolite, Highworth. 

5. Spine of fig. 3. 

6. Gryphaea incurva ; Lias. 

7. Ammonites Walcotii; Lias. 

the Coral-rag is extremely rich in organic remains ; corals, 
shells, and echinites, occurring in almost every mass of 



leni m me iroruana siODe, anu are geueraii/ au- 
l withturritellaQ, terebrae, and other spiral uni valves. 
FORD Clay. — The Coral-rag rests upon a bed of 
any places 300 feet thick, which is characterized 
indance and variety of its organic remains. Some 
n Wiltshire are celebrated for the state of perfec- 
Ikich many species of extinct cephalopoda occur. 
ian Malford, near Chippenham, the cuttings for 
Western Railway, brought to light specimens of 
irts of the animals allied to the Sepiadae, or Cuttle- 
86 shelb are so abundant in the argillaceous 

f the heights aronnd FariDgdon are capped with Greensand, 
oral-rag. Stanford pit, three miles south-east of Faringdon, 
1. Uppermost, Coral-rag, 3i feet; 2. Limestone, with 
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deposits of the Oolite. The Belemnoteuthis (of the late Mr. | 
Channing Pearce),* an extinct cephalopodous mollusk allied 
to the Belemnite, but in all probability generically distinct, 
has been found with its arms entire, and the acetabula 
suckers, and spines attached, f In the works now in pro- 
gress for a branch railway through Trowbridge, the Oxford 
clay underlying beds of Coral-rag, has been largely ex- 
posed, and has yielded innumerable specimens of the usual 
fossils, and some species of ammonites and other shells 
not previously observed.J The members of the upper 

* See London Palseontological Journal, No. 2, PL XV. XVL, for 
beautiful figures of several remarkable specimens of these extinct 
Cephalopoda. 

t In the Hunterian Museum are some splendid examples, presented 
by the Marquess of Northampton and P. Pratt, Esq., which Prof. Owen 
regards as the soft bodies of the Belemno-sepia; but the correctness of 
this appropriation has lately been disputed. 

X My son, Mr. Reginald Neville Mantell, who is engaged on this 
work under Mr. Brunei, has made a large collection of the fossils brought 
to light by the cuttings and excavations in this locality. It comprises 
very large and fine specimens of Ammonites Kiynigij A. Calhtnefuis, 
A . sublcBvis, A . aihletay &c. ; beautiful examples of a boat-like ammonite 
with a sharp keel (A. ChamtLsaeti of M. D'Orbigny, probably A ,/tmi' 
ferus of Prof. Phillips) ; a large depressed ammonite, with a flat back, 
and a single row of nodular tubercles on the wreaths, which appears to 
be an undescribed species : several kinds of Nautilus ; Belemnites with 
the phragmocone and traces of the soft parts ; the cartilaginous base 
of the Bdemnoteuihis ; innumerable small shells of the genera BoHd- 
laria, Terebra, TurrUdla, TrocUma, &c. ; Ostreae deltoidesB ; Giyphees, 
Terebratulae, &c. ; masses of coniferous wood and lignite ; bones of 
Ichthyosauri, Plesiosauri, Teleosauri, &c. : and a few relics of fisheB. 
The fossils enumerated are but a small portion of the exuviaB of the 
oolitic ocean, which have been dug up in the comparatively small area 
traversed by the railway ; and the profusion of shells, some of whidi 
are inhabitants of deep waters, and others of shallow shores, here inter- 
mingled with drift-wood, attests the effects of sub-marine currents by 
which the remains of mollusks of such different habitats were accnmo- 
lated and spread over this area of the sea-bottom, with the spoils of the 
land transported from a distance by streams and rivers. 




lC£tU)WAT BOCK, AND CORtTBRASH. 



f %ht oolitic system o€cuf through this part of 
If^ iQ their natural or(3er of succession ; as is ahown 
following section {Li[^n. 112)^ in which the sub- 
t& of the Chalk and Oolite j from the Upper or flinty 
down to the Oxford clay, are seen in a nearly 
tal mod conibrmahle position. 




..^StCTlOV moil THE WlLTaEIIllR Cfl AXK-DdWVS TO T«* OXTdUP 

Clat, 
<fti hamuT Wliltfr CbolkH Z. Finiitoiien 3. GbXU 4. Orcensuiii. 
liliBi Oolit?. d, KlmmflHdgw CUj. 7. Caral-ra^. ti. DiLforil Ckjr. 

Kelloway Kock, and Cohnbrash, — A bed of 
arenaceous limestone, a few feet in thickness, is 
ated in the Oxford clay, and is remarkable for the 
nee of shells, and other organic remains which it con- 
t is called the Kelloway rock : hence a common species 
onite in this deposit is named A. Calloviensis. 
\bra$h, — Under the Oxford clay a stratum of rubbly 
lestone, from ten to twelve feet thick, is generally met 
'hich, like the Kelloway rock, swarms with many 
and genera of marine shells, associated with other 
This bed is provincially termed Cornbrash. I sub- 
ures of a few peculiar shells from the neighbourhood 
borough in Yorkshire, which were first described by 



^ A Catalogue of the Fossils found in the Cornbrash Limestone 
►rough, Yorkshire," by William Bean, Esq.— 3fa^. Nat.HisL 
K 57. 
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In Wiltshire the Cornbrash is succeeded by the strata 
termed Forest Marble, Bradford Clay, Great Oolite, and, 
lastly, by the lower beds of the system.* 




4 6 

LiGN. 113. — Shells froh the Yorkshire Cornbrash. 

Fig. 1. Sanguinolaria parvula. 

2. Bulla iindulata. 

3. Littorina punctura. 

4. Anomia semlstriata. 

5. Cardium globosum. 

6. Isocardia triangularis. 



• The admirable memoir by Mr. Lonsdale, on the Gteology of the 
country around Bath, should be consulted by those desirous of more 
ample information on the oolite of that part of England ; Geol. Trans, 
vol iii. p. 242;— and Professor Phillips's Geology of Yorkshire, for a 
full account of the oolitic system of the eastern moorlands of that 
county. My son informs me that wherever the railway excavation* 
have traversed the district described by Mr. Lonsdale, he has found 
that gentleman's sections and descriptions of the strata accurate eyea 
in the minutest details. 
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The Bradford Clay. — In the neighhourhood of Brad- 
ford, in Wiltshire, a subordinate bed of the forest marble 
OT blue limestone of the Great Oolite, is remarkable for 
the abundance of the remains of a particular species of 
crinoidean, called the Pear-encrinite of Bradford (Medals^ 
p. 318), which in some places occur under circumstances 
apparently indicating that the animals still occupy the spots 
where they grew. The clay is spread over the surface of a 
stratum of limestone, and many of the Stone-lilies are 
upright, with their root-Hke base attached to the calcareous 
rock. "In this case," observes Mr. Lyell, "it appears 
that the upper surface of the Great Oolite had supported for 
a time a thick submarine forest of these beautiful zoophytes, 
until the clear and still water was invaded by a current 
charged with mud, which threw down most of the stone- 
lilies, arid broke their stems short off near the point of 
attachment. The stumps still remain in their original 
positions ; but the numerous articulations once composing 
the stems, arms, and body of the zoophytes, were scattered 
at random through the argillaceous deposit, in which some 
of them now lie prostrate."* 

15. The Cotteswold Hills. — As the elevated tract of 
country called the Cotteswold hills, which extends for 
tlirty miles through the county of Gloucester, in a N.E. and 
S. W. direction, having an average breadth of ten or twelve 
Biles, exhibits the principal characters of the English Oolites, 
ihe following brief description will convey a general idea of 
the .physical geography and lithological structure of a 
district composed of these deposits.-}- 

" The surface of this district has a general inclination to the S.E. 
its eastern borders having an elevation of about 400 to 600 feet above 



* Elements of Geology, 2d Edit. vol. ii. p. 45. 
I 1 am favoured with this account by Professor Woodward, of the 
Agricultural College of Cirencester. 
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the sea ; whilst the western ranges from 600 to 800 feet, and the cul- 
minating point, Cleeve Cloud, is 1,134 feet high. 

" The branch of the Great Western Railway from Swindon to Glou- 
cester passes through the centre of the district, and affords a key to 
its geological structure. 

" These hills are entirely composed of two series of oolitic linestones, 
separated by a bed of clay known to geologists as the ' Fuller's earth.* 
The strata are inclined to the S.E., at the rate of about 1 in 130, or 
less than half a degree ; yet this inclination is greater thac that of the 
general surface, and sufficient to carry the hill strata beneath the 
newer formations on the S.E. ; whilst on the N.W. boundary they 
terminate in steep escarpments, that are broken and indeited by nu- 
merous deep and picturesque valleys. 

" In order to obtain a general idea of the nature and succession of the 
strata of the whole district, we may conveniently pursue the well- 
known Roman road termed the * Irmin Way/ which coning from 
Newbury through the Wanborough downs, runs almost ina straight 
line to Cricklade, Cirencester, Birdlip, and Gloucester, anc traverses 
in succession the whole of the oolitic strata, in the following order : — 

"1. Portland stone. 2. Kimmeridge clay. 3. Coral rag. 4. Ox- 
ford clay and Kelloway rock. 6. Great Oolite: aibdiv^ded 
into Combrash, Forest marble, Bradford clay, Bath freestone, 
Stonesfield slate. 6. Fuller's earth. 7. Inferior Oolite 8. Lias. 

" 1. The Portland stone is extensively quarried near Swiidon Old 
Town. 

" 2. The Kimmeridge day forms the valley in which the Swinoon 
station and the New Town are situated. 

" 3. The Coral rag rises up from beneath the clay, and constitufes 
the hills about Stratton, Saint Margaret's, Pen Hill, and Blunsdon. 

" 4. The Oxford day occupies the whole of Braydon Forest, anl 
the wide valley around Cricklade, but is covered in many places b^ 
thick beds of oolitic gravel. 

" 6. At Driffield cross-wa^s the Corribraah is seen in the small 
quarries from which the road-stone is procured ; and in descending the 
hill towards Cirencester we pass to the Forest marble, a thin-bedded 
stone, well shown in the quarries at Preston, from which much of the 
roofing-stone and planking, so extensively used in the neighbourhood, 
is obtained. A bed of clay is usually found separating the Forest 
marble from the Bath freestone, and is therefore the equivalent of the 
Bradford day. Beyond Stratton the road lies over the Bath freestone 
(or * Hampton stone') as far as Highgate, where several deep valleys 
expose the Stonesfidd slate, FuUer^s earth, and Ir^ferior Oolite. 
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" The quarries near Birdlip also exhibit the Inferior Oolite, and the 
remainder of the road to Gloucester rests upon the Lias, 

" If an Artesian well were sunk at Swindon New Town, it would pro- 
bably pass through the above-mentioned strata, from the Kimmeridge 
clay to the Lias, in the same order in which they are passed over by 
the Innin Way, reaching the surface of the Lias at a depth of about 
1000 feet." 

16. The Stonesfield slate. — I have already stated 
that the zoological characters of the Oolite and Lias are 
decidedly marine; the interspersions of fresh-water and 
terrestrial sediments having been produced by the accumu- 
lation of materials brought down by streams and rivers 
into the sea, and transported by currents to a distant part 
of the oceanic basin. Unlike the organic remains of the 
Wealden, the terrestrial and fresh-water productions are 
mingled with marine plants, shells, and fishes ; thus, while 
the Chalk consists of the bed of a deep sea with scarcely 
any intermixture either of land or fresh-water debris, and 
the Wealden of a delta in which but very few marine exuviae 
are imbedded ; the intercalations in the oolitic series present 
a combination of these characters, of which the Stonesfield 
strata afford a highly interesting example. 

Stonesfield, a small village near Woodstock, about twelve 
miles north-west of Oxford, has long been celebrated for 
the fossils imbedded in its slaty limestone ; bones and teeth 
of large reptiles, and of fishes, and other remains from this 
locality, were described and figured byLhwyd, a century ago.* 
The " Geology of England and Wales," by Messrs. Conybeare 
and Phillips, which every one must regret has not been 
continued and completed by the highly-gifted author who 
survives, contains a description of the Stonesfield strata, 
and a brief enumeration of the fossils which they inclose. 

On my discovery of the fluviatile origin of the strata of 
Tilgate Forest, I was led to institute a comparison between 

* Lithophylacii Britannici Ichnographia. 
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the fossils of the Wealden and those of Stonesfield, and the 
result appeared in my first work on the Geology of Sussex, 
in 1822.* A valuable memoir by Dr. Buckland, on the 
fossil reptile of Stonesfield, the Megalosaurus,t again drew 
attention to these interesting deposits, and it was ex- 
pected that this distinguished philosopher would follow 
up the investigation, and give a full description of the 
organic remains. 

The Stonesfield strata have been ascertained, by Mr, 
Lonsdale, to belong to the lower division of the Great 
Oolite ; the following account, by Dr. Fitton, J explains the 
circumstances under which they occur. " In crossing the 
country from Oxford to Stonesfield, the Oxford clay, with 
its characteristic fossils, is first observed ; this is succeeded 
bj the Cornbrash, the uppermost stratum of the great 
oolite group, which is seen beneath the clay in several 
quarries on the road -side between Woodstock and Blenheim. 
The village of Stonesfield is situated on the brow of a 
valley, both sides of which are deeply excavated by the 
shafts and galleries that have been constructed for the 
extraction of the slate. The beds that supply the stone 
are at a depth of about fifty feet below the summit, and are 
worked by shafts. The upper twenty-five feet consist of 
clays alternating with calcareous stone ; the lower of fine- 
grained oolitic limestone, with numerous casts of shells." 
From the bottom of the shaft, a drift or horizontal excava- 
tion is mad^ around, extending as far as safety wiU permit ; 
the beds above being supported by piles of the less valuable 
materials. The strata thus worked do not exceed six feet 
in thickness ; they consist of rubbly stone, with sand im- 
bedding large concretional masses of fine sandy grit, which, 



• Illustrations of the Gteology of Sussex, p. 37. 
t Greological Transactions, vol. i. New Series. 
X Zoological Journal, vol. iii. p. 416. 
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by exx>08are to the frost, admits of separation into thin 

flakes. 

The resemblance of this calciferous grit to that of Tilgate 

Forest is most striking ; and when breaking it, and per- 
ceiving here and there teeth and scales of fishes and bones 
of reptiles like those of the Wealden, I could have fancied 
myself sporting on my own geological manor of Tilgate 
Forest, but for the trigoniae and other marine shells, and 
the oolitic structure which every where prevailed. The 
grit, like that of Sussex, passes into a conglomerate, formed 
of smooth rounded pebbles, cemented together by calcareous 
Btone; beds of sands, clay, and friable slaty sandstone, 
intervene between the layers of the oolitic rock. Grits, and 
shales similar to those of Stonesfield, occur also at Wittering 
and Collyweston, associated with beds of oolite limestone, 
and contain ferns and other terrestrial plants, and marine 
shells. 

17. Organic Remains of the Stonesfield Slate. — 
The fossils of Stonesfield, although of so highly interesting 
a character, have hitherto been very imperfectly investigated. 
The vegetable remains consist of several species of Fucoid 
plants ; of palms, arborescent ferns, and plants allied to the 
Zamia and Cycas ; and a genus of LiliacecB, named Buck- 
landia; seed-vessels, leaves, and stems, of several genera of 
coniferae ; and traces of reeds and grasses. I am not aware 
that the shells differ from those of the other oolitic strata ; one 
small bivalve {Trigonia impressa) is extremely abundant. 
The bones and teeth of the gigantic terrestrial reptile related 
to the Monitor, the Megalosaurus, which I have mentioned 
as occurring in the Wealden (ante, p. 421) ; bones of Ptero- 
dactyles, or flying lizards ; bones and plates of Turtles ; 
and other osseous remains, apparently of saurians, present 
a striking general correspondence with the fossils of the 
Wealden. The elytra, or wing-cases of beetles, and other 
relics of insects, are of frequent occurrence. The teeth. 
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scales, fin-bones, and rays of fishes, belong for the most part 
to the same genera and species as those contained in other 
beds of the oolite ; round hemispherical teeth of species of 
Lepidotus and Sybodus are every where met with.* 

18. Fossil Mammalia of SxoNESFiELD.f — In addition 
to the animal and vegetable remains above enumerated, the 
laminated oolitic limestones of Stonesfield have yielded 
some of the most precious relics of the past ages of our 




LiGN. 114.— Thb right side of the Lower jaw of a Marsupial Mam- 
malian; FROM Stonesfield. 

Fig. 1. Natural size. Fig. 2. Enlarged view of a single tooth. 

{Phascolotherium Bucklandi.X) 

globe — the only known vestiges of mammalian animals in 
the secondary formations ; in other words, in deposits of an 

» See Dr. Buckland's Bridgwater Essay for figures of several fossils 
from Stonesfield. 

f Medals of Creation, vol. ii. p. 852. 

I The original is in the British Museum ; it is in an admirable state 
of preservation, and the piece of slate in which it is imbedded, has 
numerous casts of the Trigonia impressa, which occur in such pro- 
fusion in the Stonesfield slate. 
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age antecedent to the most ancient eocene epoch : — a fact 
of the highest interest to the geologist, since it carries back 
the existence of the higher vertebrated animals to a period 
of unfathomable antiquity. 

The mammalian remains hitherto discovered consist of 
ax specimens of portions of the lower jaw, with teeth ; 
these all belong to very small animals, and are referable to 
two genera. One is allied to the Wombat, a marsupial 
animal of New South Wales (the Phascolomys) ; proving 
that the remarkable character of the mammalian fauna of 
Australia also prevailed in a very remote period, and that 
it is not, as some have inferred, a new order of things. 
The other remains indicate a small insectivorous mammal, 
(Amphitherium) having thirty-two teeth in the lower jaw ; 
its marsupial affinities are doubtful.* 

19. Comparison op the Stonesfield and Wealden 
Fossils. — The reader cannot fail to remark the general 
correspondence that exists between the organic remains 
imbedded in these fluvio-marine deposits of the Oolite and 
those of the Wealden : the following tabular view will 
render this analogy more obvious : — 

Strata of Tilgate Forest. Stonesfield Slate. 

Drifted coniferous wood, lignite. Drifted coniferouB wood. 

&c. 

Equiseta. Fucoid plants. 

Herbaceons ferns ; Sphenopteris, Herbaceous fems : Sphenopteris, 

Lonchopteris, &c. Tseniopteris, &c. 

Cycadese and Zamiae. Cycadese and Zamiae. 

Endogeniteserosa. Liliacese. 

Clathraria Lyellii. Bucklandiae. 

Carpolithes; and undetermined Carpolithes, and undetermined 

seed-vessels. sec 



• See Prof. Owen's British Fossil Mammals, for exquisite figures, 
and an elaborate philosophical notice of the mammalian remains 
discoyered in the Stonesfield slate. 
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Freshwater shells : Paludinae, Marine shells— Trigoni«, &c. 

Cyclades, Uniones, &c. 

Freshwater Crustaceans : Cypri- Marine Cnistaceans : — Astacidse, 

des. &c. 

Insects : numerous genera. Insects : several genera. 

Fishes of the genera Hybodus, Fishes of the genera Hybodus, 

Lepidotus, &c. Lepidotus, Psammodus, &c. 

Marine and Freshwater Chelo- Marine Chelonians. 

nians. 

Reptiles : marine — Plesiosaurus Plesiosaurus and Cetiosanrus. 

and Cetiosaurus. 
, terrestrial — Megalosaurus, Megalosaurus. 

Hylseosaurus, Iguanodon, &c. 

Crocodilian Keptiles : Strepto- Poecilopleuron. 

spondylus, Poecilopleuron, &c. 

Pterodactyles. Pterodactyles. 

Birds — 1 ? Mammalia : species of two genera. 

From this table we perceive at a glance, that the fauna 
and flora of the dry land during the deposition of the 
Stonesfield oolite and the Wealden strata were essentially 
the same ; while the diflerence in the moUusca points out 
the respective conditions under which the deposits took 
place. The fresh -water shells of the Wealden indicate the 
bed either of a delta, or of an inland lake : the marine 
shells of the Stonesfield strata, the basin of a deep 
ocean. Hitherto no vestiges of warm-blooded quadrupeds 
have been found in the Wealden, nor in any other of the 
secondary strata. The Stonesfield beds alone have afforded 
evidence of the early existence of the higher orders of 
vertebrated animals, allied to genera now restricted to New 
South Wales and Van Diemen's Land. It is a most inte- 
resting fact, as Professor Phillips was the first to remark, 
that the organic remains with which these relics are 
associated, also correspond with the existing forms of the 
Australian continent and neighbouring seas ; for it is in 
those distant latitudes that the waters are inhabited by 
Cestracions, Trigoniae, and TerebratulsB : and that the dry 
land is clothed with AraucariaB, and Cycadeous plants. 
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20. LiiTHOGRAPHic OoLiTE OF Germant. — The quames 
ia Germany, which yield the fine-grained fissile calcareous 
stone so much employed in lithography, afford also a rich 
assemblage of organic remains, of the highest interest. The 
lithographic deposits are found in that prolongation of the 
chain of the Jura which, after the fall of the Rhine at 
Schaffhausen, passes into Germany along the borders of the 
Maine, and near to Cobourg. The quarries are situated 
on the sides of the valley of the Altmuhl, a tributary of the 



LiGN. 115. — Fossil prawn, from Pappenheim. 
(Palamon tpinipet.) 

Danube, that extends by Pappenheim and Aichsted. 
This valley presents a precipitous escarpment, which is 
composed of, 1. The uppermost part ; calcareous schist, 
containing in abundance, fishes, crustaceans, asteriae and 
reptiles, with a few small ammonites and bivalve shells ; — 
2. a magnesian limestone ; — 3. limestone of a greyish white, 
tunding in ammonites ; and 4. brown, or grey sand- 
stone, of a fine grain, constituting the base of the hills of 
the district. The most celebrated quarry of the calcareous 
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schists, is that of Solenhofen, near Pappenheim.* The 
cream-coloured limestone of this quarry has long been 
known to contain organic remains of great beauty and 
interest. Crustaceans allied to the Lobster, Shrimp, Cray- 
fish, &c. are often met with, and many specimens are 
figured by authors. Knorr's splendid work, " MonwiMiM 
des Catastrophes que le Globe terrestre a essuiSy** contains 
numerous coloured representations of these fossils. The 
Prawn here figured {Lign 115) shows the extraordinary 
state of preservation of these remains. A Saurian, about 
three feet in length, allied to the crocodile, has been found 
at Solenhofen ; and Count Munster has collected many 
species of Pterodactyles, saurian s, and tortoises ; upwards 
of sixty species of fish; forty-six of crustaceans, and 
twenty-six of insects. There are but few shells and 
plants, and these are all marine. 

Sir H. De la Beche remarks, that the fact of the greatest 
number of fossil insects yet noticed in the oolite, having 
been found where the remains of the Pterodactyles princi- 
pally occur, seems to establish a connexion between these 
creatures, not merely accidental ; and that it is probable 
the whole of the deposits of this local group of the Jura 
limestone, may have been effected on a coast where the 
water was not deep, and on the shores of which the flying 
reptiles chased their insect prey.f 

21. Carboniferous Strata of the Oolite. — In the 
tertiary system of Provence, we noticed the occurrence of 
beds of coal with limestone containing fresh-water shells 
and crustaceans {antey p. 260) ; and in the lacustrine 
deposits of the Rhine, accumulations of brown coal and 
lignite (p. 278). In the Wealden of the South-east of 

* Oss. Fobs. torn. v. 

f A beautiful fossil Dragon-fly from Solenhofen (in the rich collec- 
tion of the Marquess of Northampton) is figured in Medals of Creation, 
vol. ii. p. 574. 
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England, lignite and thin seams of coal are associated with 
shale and laminated sandstones, so much resembling the an- 
cient carboniferous beds, as to have led to an expensive and 
abortive search for coal ; while in the north of Germany, the 
Wealden contains a rich coal-field of considerable extent. 
The fluvio-marine strata of Stonesfield, though teeming 
with vestiges of land plants, enclose no considerable masses 
of vegetable matter ; but in the extension of these lower 
beds of the Oolite northward, indications of lignite and 
carbonized plants become more abundant ; and along some 
parts of the Yorkshire coast seams of coal and numerous 
fossil vegetables occur ; proving that the currents of 
fresh-water v^hich flowed into that part of the oceanic 
basin of the Oolite were occasionally loaded with trees 
and terrestrial plants, transported from the lands inha- 
bited by the Megalosauri, Pterodactyles, and small Mam- 
malians, whose remains are found at Stonesfield. On the 
western shores of Scotland, strata of a similar character are 
exposed. 

Professor Phillips has fully described the carboniferous 
beds of the Yorkshire oolite,* and Sir R. Murchison those 
of Sutherlandshire ; the tabular arrangement, p. 492, shows 
the succession of the deposits in these two localities. 

In the district north of the Humber, the lower Oolite 
assumes a new character : instead of finding beneath the 
Combrash, the Forest marble and Great Oolite, we meet 
with beds of sandstone, and shales abounding in coaly 
matter, interpolated above the sand which covers the Lias. 
Proceeding northwards, these strata rapidly increase in 
thickness, and the carbonaceous layers gradually become 
concentrated into a stratum of coal, which, though never 
exceeding sixteen inches in depth, is, from local circum- 

* Encyclopaedia Metropolitana, art. Geology; and the Geology of 
Yorkshire, by the same eminent philosopher. 
VOL. n. MM 
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Stances, of considerable value. These 
strata assume the appearance of a true 
coal-field, with subordinate beds of 
coarse, shelly limestone. The fossil 
plants which accompany the coal-seams 
and sandstones, occur also in the calca- 
reous slates and Hmestones, both on the 
Yorkshire coast and at Bransby. No 
marine exuviae have yet been found in 
the coal grits or shales, with the ex- 
ception of some bivalves. Along the 
coast under Gristhorp cliffs, a seam 
of shale, but a few inches in thickness, 
may be traced for miles; and, from 
its abounding in leaves of ferns, and 
equisetaceous and cycadeous plants, it 
is chiselled out by collectors to obtain 
specimens ; for the beauty and variety 
of these fossils render them objects of 
great interest. Detached leaves {Lign, 
116) in a carbonized state are very 
abundant, and their venation is gene- 
rally well preserved. Professor Phillips 
has figured several kinds in his Geo- 
logy of Yorkshire: and numerous species are described 
in the British Flora.* The fruits of Zamise also occur, 
and many splendid examples are preserved in the British 
Museum, and other collections. This specimen {LignAVJ) 
shows the usual appearance of these fossil cones; it i^ 
imbedded in dark ironstone shale, and the leaves and their 
imprints are covered with a white hydrate of alumine. 
The fossils described by some authors as flowers, are con- 
jectured to be cones of this kind, broken transversely, in 




Lion. 116. — Part op a 

LEAF OF PtEROPHTLLUM 

coMPTDM : firom near 
Scarborough. 



See also Medals of Creation, vol. i. p. 155. 
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Liov. 117.— Fruit of a Cycadeous Plant, from Scarbobouch. 

The seeds are concealed by the leaflets. 

{ZamUet lanceolata.) 

Here, observes Professor Phillips, we have truly a 
coal-field of the oolitic era, produced by the intercalation of 
Tast quantities of sedimentary detritus loaded with vege- 
tible matter, brought down by floods from the land, between 
the more exclusively marine strata of the ordinary oolitic 
type. 

22. Colly WESTON Slates. — Near Stamford, in Lincoln- 
shire, the lowermost visible strata are Lias clays, upon 
M M 2 
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wliich are spread the inferior oolite strata, full of charac- 
teristic fossils ; and above are beds of laminated calcareous 
stone, locally termed the CoUyweston slates, from being 
quarried in that neighbourhood. These deposits, therefore, 
occupy the same geological position as the Stonesfield slate 
of Oxfordshire and of the Cotteswold hills, and contain 
similar marine shells. The upper series consists of marly 
limestone and shale, with concretionary sands ; the fossils 
are shells of the genera NeriruBay Jjucina, Modiola^ &c. 
with numerous fragments of the leaves of ferns fespecially 
of Pecopteris polypodioides\ and of cycadeous plants. 
These beds are regarded by Captain Ibbetson and Mr. 
Morris, as the equivalents of the carbonaceous shales of 
Scarborough and Gristhorp bay ; in fact, as the seaward 
extension of those fluvio-marine strata; those of Stones- 
field appear to have been synchronous, but deposited 
farther from land, in the depths of the oolitic ocean. 

23. Carboniferous Oolite of Brora. — Carboniferous 
fluvio-marine deposits of a similar character, and of the 
same age as those above described, occur in the north of 
Scotland.* At Brora, on the south-east coast of Suther- 
landshire, intercalated between oolitic calcareous strata 
and Lias shale, there is a series of deposits, consisting of 
layers of coal interstratified with sandstones and shales, 
containing remains of terrestrial plants, and a few fresh- 
water shells and cyprides. And in the neighbourhood of 
Elgin, and on the north-east coast of the Isle of Sky e, shales 
and sandstones, with impressions and remains of similar 
plants, are met with, superimposed on the Lias.t 

The calcareous strata of Brora contain numerous fossils 

* For a general view of the geological phenomena of Scotland, I 
would strongly recommend the reader to obtain the charming and 
instructive little volume by Mr. James Nicol, Curator of the Geological 
Society of London, entitled, A Quide to the Geology of Scotland, 1844. 

t Sir R. Murchison, in Geol. Trans, vol. ii. p. 293. 



fik GABBOXillB0Ui OOXJITB OF BRORA. ^19 

iioitieil wfOi tlum of Ae middle and in£en(xp oolite 
if Ae etttaam moorkiidsy and nosth-eaEistem coast o£ York^- 
lUre; and as in that district^ the lower beds of the Coinl- 
i|f paii. into a yeUowisli sandstooey beneath whi^h is 
~ ' iwntaiiiing bdemnites/ and from under this bed the 
i strata emerge. This series of deposits rests 
m Um aiiale.* Manj of the fossils are identical with. 
ttoia of die pier-stone of Scarborough, which there eyer- 
ies Oe audn ooal-seams. 

The Caanl plants are for the most part of the same type 
ii Aoae of Yorkshire^ and are associated with shells of 
te genera Q^elas, Unio^ Patudmoy and species of TeUmOf 
Pmrma^ ftc: cases of the C^rpm granuhia (p. 405) also 
in profusion. Scales and teeth of numerous, small 
of genera common in the Oolite, (Syhadus, 
Acroduif) abound in some of the layers of 
itji fragments of plates of Turtles are, I beUeye, the 
ca^ lepCilian relics hitherto observed. 

These carboniferous deposits have evidently had the same 
origin as those on the Yorkshire coast, in which Uniones 
lod Cyprides are associated with Ferns, Zamiae, Thuyites, 
tnd other terrestrial plants.t Taken as a whole, the fluvio- 
narine intercalations of the oolite must be regarded as 
local accumulations of the spoils of the land, transported 
into the bed of the ocean by the agency of rivers and 
currents ; the presence of coal depending on the streams 

* The inteieBting Memoir of Sir R. Murchison on the Coal-field of 
Brorm should be referred to for details. Geol. Trans, vol. ii. ; also, a 
nbahle paper by Mr. Robertson on the same, Geological Journal, 
nL iiL p. 113. 

t Mr. Bakewell has described a coal-mine, in which seams of coal 
tre intercalated with calcareous strata, in a mountain-range near the 
Uke of Annecy in Savoy ; and which, from the shells in the lime- 
Hooet, he considered aa belonging to the same period as the carboni- 
ieroas oolite of Yorkshire. See Travels in the Tarentaise, vol. i. 
P- 185. 
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being largely charged with vegetable remains. They be- 
long to a period long antecedent to the deposition of the • 
Wealden. 

24. Carboniferous Oolite of Eastern Virginia. — ' 
One of the most remarkable features in the geology of the ^ 
United States of North America, as contrasted with that 
of Europe, consists in the entire absence of deposits that '» 
can be regarded as the equivalents of any of the members 'i 
of the Oolitic system. With but one exception, no natural ' 
records remain of the vast interval of time that must have ^ 
elapsed, between the close of the Triassic and the com- 
mencement of the Cretaceous epoch. Some time since, 1 
it was suggested by Professor W, B. Rogers, that an J 
extensive coal-field in Eastern Virginia * belonged to the ' 
oolitic period; and this opinion has been confirmed by the 
recent investigations of Mr. Lyell. This coal-field is about 
twenty miles from north to south, and from four to twelve 
miles in breadth from east to west. It is situated in a 
granitic region, and the lowermost bed of coal rests upon 
granite. Quartzose grits, sandstones, and shales, are inter- 
calated with the coal, as in the carboniferous system of 
Europe. Beds of rich bituminous coal, one being in some 
places from thirty to forty feet thick, occur in the lower 
division. 

The fossil plants resemble those of the Oolite of York- 
shire, {Pecopteris Whitbiensis, JEJquisetum columnare, some 
species of Zamites, Tceniopteris, NeuropteriSy &c.) differing 
specifically, and most of them genericaUy, from those of the 
older coal formations. From the upright position of many 
of the Equiseta, Mr. Lyell infers that the vegetables which 
produced the coal grew on the spot where they are now 

* There are two coal-fields in the State of Virginia; the remarks in 
the text exclusively refer to that near Richmond, the coal measures 
in Western Virginia belong to the ancient carboniferous system. 
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and that the strata were formed daring alternate 
3id< es and elevations of this part of Virginia. They 
contain shells and fishes {Tetragonolepis, and a new 
IHctyapyge of Sir P. Egerton, Catopterus of Mr. 
w. (J. Eedfield,*) related to European Liassic species. 
Lyell regards this coal as of the age of the Inferior 
Oolite and Lias: and if this opinion be correct, these 
9 ; J the first ascertained equivalents of any of the 
cob i les hitherto discovered in North America. 
25. The Lias. — The lowermost group of the Oolite 
Jurassic system termed the Lias, consists of stratified 
b] and grey marls, clays, and limestones, amounting in 
t thickness to from five hundred to one thousand feet, 
abounding in many peculiar fossils. The principal 
bthological features are the uniform aspect, and distinctly 
stratified character of the limestones and intervening argil- 
laceous layers; the most constant subdivisions are those 
mentioned in the table, p. 493. 

It may be stated in general terms, that the Lias of 
England extends along the western escarpment of the 
Oolite, forming a district which presents an exceedingly 
rariable surface, occasioned by the disruption and subse- 
quent denudations which the strata have undergone. The 
course and extent of these deposits from Yorkshire to the 
Dorsetshire coast, are admirably described by Mr. Cony- 
beare,'!' from whose work the following abstract is derived. 
The Lias, from its northernmost limits on the Yorkshire 
coast, where it underlies the strata of the eastern moor- 
lands, passes to the south of Whitby and to the east of 
York, and crosses the Humber, near the junction of the 
Trent and Ouse ; stretching onward beneath the low oolitic 
range of Lincolnshire, it extends to the Wold hills, on the 

» Geological Journal, vol. iii. PI. VIII. 

f Outlines of the Geology of England and Wales, p. 261. 
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borders of Nottingham and Lincoln, to Barrow-upon-Soar ; 
whence it continues, accompanying the escarpment of the 
inferior and great oolite, through Nottingham, Warwick, 
and Gloucester. Its whole course, to within a few miles 
south of Gloucester, is remarkably regular, presenting an 
average breadth of about six miles, bounded on the south- 
west by the Oolite, and on the north-west by the Red 
marl, which will hereafter be described. Beyond Glou- 
cester, its range becomes intricate ; its eastern limit accom- 
panies the oolite through Somersetshire to Lyme Regis ; 
but the western is very irregular, feathering ia and out 
among the coal-fields, which occur towards the estuary of 
the Severn, and the upper part of the Bristol Channel, 
Gloucestershire, Somersetshire, Monmouthshire, and Gla- 
morganshire, and attended with numerous outlying or de- 
tached masses. To render the course and position of the 
Lias in this part of England intelligible, it is necessary to 



Mendip Hills, 
h092 feet. 



Dundry Hill, 
700 feet. 



South of Malmetfrnry . 




LiGN. 118.— Section from south of Malmesburt through the Mendii 
Hills. 

1. Mountain limestone. 2. Millstone grit. 3. Triassic strata. 4. Lias. 
* 5. Inferior Oolite. 6. Great Oolite. 7. Oxford clay. 
{From the Geology of England and Wales.*) 

state, that this district is occupied by three great basins of 
the coal formation, encircled by the underlying and sub- 
jacent limestones, and Devonian sandstones ; one of which 
is shown in the annexed section. 

* The inclination of the strata is very much exaggerated in this 
diagram, in consequence of the difference in the horizontal and ver- 
tical scales, necessarily adopted to comprise the section in a small 
space. 
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The edges of these basins consist of strata thrown 
ip at a high angle, and often nearly vertical, forming 
I and precipitous ranges of hills ; in the valleys, hori- 
rontal layers of lias, with subjacent beds of red marl, are 
i lying unconformably upon the highly inclined coal 
es {Zfign. 118, 3, 3, 3). I shall recur to this 
subject hereafter, and now only observe, that the Lias 
appears beneath the Oolite through the south-east of 
Somersetshire, and passes into Dorsetshire, where the over- 
lying Greensand conceals it beneath the high range of the 
Black Dow^n hills. 

At Lyme Regis it forms a range of cliffs, about four miles 
in length, and may be traced till it gradually sinks beneath 
the Inferior Oolite. The skeletons of large marine reptiles 
(Ichthyosauri and JPlesiosauri), for which the Lias is cele- 
brated, have principally been found in the cliffs at Lyme, 
Watchett, Westbury, and Whitby, where the natural sec- 
tions, formed by the action of the waves, well display the 
characters of the strata, and afford abundance of fossil re- 
mains. The Lias appears in the Western Isles of Scotland, 
and on the north-east coast of Ireland. 

In the north and south-east of France, and over a large 
area in Germany, the Lias, with its peculiar fossils, accom- 
panies the Oolite. One species of Gryphite {Oryphea 
ineurva, Lign, \\\^ fig. 6) which is so abundant in the 
Liassic strata of England, on the Continent forms a lime- 
stone ((7a fcaire ct gryphites)f which, like the Sussex marble, 
is composed of shells cemented together by a calcareous 
paste. In Wirtemberg the Lias presents the usual charac- 
ters of that of England, and contains remains of Ichthyo- 
sauri and other saurians.* 

In the valley of the Arve, in Switzerland, the Lias clays 
are of great thickness ; and owing to the ancient effects of 

* See Dr. Jaeger's work, Uber die Fossile Reptilien welche in Wur- 
temberg aufgefunden worden sind. Stutgard, 1828. 
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igneous agency everjrwhere apparent in the Alps, have 
a schistose character, strongly assimilating them to the pri- 
mary slates. 

In Russia oolitic deposits cover detached districts, from 
the Icy Sea to the Caucasus in the south ; and in Bussia 
Proper, there are shales and sands referable to the middle 
or Oxford oolite ; a characteristic species of ammonite 
{A, biplex) of the Portland rock has been found both in 
Russia and Poland.* In the Himalayahs, argillaceous 
beds occur, which contain fossils analogous to those of the 
Lias of Europe ; and from other localities in northern and 
southern India, one belemnite and two anmionites identical 
with Oxford clay species, have been found in deposits 
apparently of the Jurassic epoch. 

26. Organic Remains op the Jurassic System. — 
The fossils discovered in the Oolitic and Liassic strata 
amount to many hundred species, and it is impossible in a 
work of this nature to give even a brief summary of these 
organic remains ; it must suffice to offer a few general 
remarks on the nature of the fauna and flora of the sea 
and land, during the vast period of time which the accumu- 
lation of sediments of such extent and thickness must have 
required. 

Vegetable remains, — Several species of fucoid plants, 
and upwards of forty species of terrestrial vegetables, have 
been determined. The latter, with the exception of a few 
ferns and palms, consist of cycadeous plants ( i. 2kimi(S, 
MantelHcBy &c.) and coniferous trees ; constituting a flora 
analogous to that which now prevails in the maritime 

» Sir R. Murchifcon. 

f I would refer to Prof, Phillips' tables of fossils in the Encyclopaedia 
Metrop. art. Geology ; to Sir H. De la Beche's Manual of Geology, and 
to Mr. Morris's British Fossils, for lists of the fossils found in the 
British Oolite and Lias ; and to the beautiful work on the oiganic 
remains of the " TeiTains Jurassiqties" by M. lyOrbigny. See also 
my Medals of Creation. 
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icts of the West Indies, New Holland, and the Cape 
df Uood Hope, &c. A large species of Marestail (JEqui- 
$etum columnare) is abundant in the Carboniferous Oolite ; 
and in Yorkshire so many of these plants occur in an erect 
p tion, that it is supposed they must have grown on the 

ts they now occupy : we shall recur to this fact here- 
after. 

One of the most remarkable vegetable fossils discovered 
in this formation in England, is the fruit of a tree allied 
to the Pandanus or Screw-pine, from the lower oolite of 
Charmouth in Dorsetshire.* 

Fragments of trunks of coniferous trees of the Araucarian 
type are found throughout the Jurassic formation ; and, as 
we have already stated, the last bed of the Oolite, when 
elevated above the waters, was clothed with pine-forests 
(vol. L 387). 

The quantity of drift wood in a carbonized state, but not 
converted into coal, is very considerable in the argillaceous 
strata. In the Oxford clay, at Trowbridge, my son found 
masses of wood in abundance ; oysters, terebratulae, and other 
shells, were often adherent to the fragments of trunks and 
branches of trees, which had evidently been drifted from a 
distance into the bed of the sea. Much of this wood was soft 
and flexible when first exposed, and when dry, burnt with a 
bright flame. In the Lias of Whitby, Lyme Kegis, and 
other localities, the wood is often calcareous, and admits of 
a fine polish : occasionally silicified masses are met with.f 

27. Zoophytes and Radlajria. — Of corals and other 
polypiferous zoophytes hundreds of species abound. The 
reefs of coral, constituting the Coral-rag, have already 
been described. In some parts of Germany the Coral-rag 
is largely developed, and all the corals are silicified in 

* Dr. Buckland's Bridgwater Essay, vol. ii. pi. 63. 
t Beautiful specimens of the fossil wood and plants from the Lias 
and Oolite are exhibited in the British Museum. 
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certain localities : this is especially the case at Nattheim^ 
near Heidenheim, whence exquisite specimens of Litho- 
dendron have been obtained. 

In the beds of chert in the Oolite of Tisbury in Wilts, 
shells and corals are found in a beautifully silicified state, 
particularly a species of Astraea {A. Tisburiensis). Large 
silicified masses of this coral are met with, which, on being 
cut and polished, display the intimate structure of the 
original, and form a highly ornamental material for the 
jewellers and lapidaries. A matchless specimen of the soft 
parts of a Trigonia, transmuted into silex, was obtained 
from Tisbury by the late Miss E. Beniett, and is now, with 
the greater part of the collection of that lady, in the posses- 
sion of Mr. Wilson of Philadelphia.* 

The Crinoidea, or lily-shaped animals, are equally abun- 
dant, and are often found in an admirable state of perfec- 
tion. Whole slabs of many of the Lias shales are covered 
withPentacrinites, frosted with brilliant pyrites, and lying in 
relief on the stone, as if spread out on the sea-sand, f 

Of EcMnites upwards of sixty species, and of Star-fishes 
several genera, comprising many species, have been deter- 
mined. Some splendid Star-fishes from the Yorkshire 
Oolite and Lias are figured in the London Geological and 
Palaeontological Journal, pi. 17, {Asterias arenicola), and 
pL 19, 20 {Ophiurce). 

28. MoLLUSOA. — The shells, both of testaceous and con- 
chiferous moUusks, amount to many hundred species. Of 
the Cephalopoda, as Nautili, Ammonites, Belemnites, 
Sepiadae, &c. several hundred species, belonging to nume- 
rous genera, have been figured and described. J 

• Figures and a description of this extraordinary British fossil will 
be given by Mr. Chariesworth in the PalaBontological Journal, from 
drawings by Mr. DinkeU f See Brit. Mas. collection. 

X See Sowerb/s Mineral Conchology, and the works before re- 
ferred to. 
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The state of perfection in which the animals allied to the 
Cuttle-fish occur in the Lias, and also in the clays of the 
Oolite, especially in the Oxford clay of Wiltshire,* is most 
extraordinary. The soft parts of the body and arms, the 
capsule of the globe of the eye, and the ink-bag still 
retaining its inspissated secretion, are often found in their 
natural position, and distinctly recognisable. This state 
indicates a rapid imbedding of the animals while in their 
natural element.f 

29. Crustaceans and Insects. — Numerous genera of 
Crustaceans and Insects have been collected : the museum 
of the late Count Munster was celebrated throughout Europe 
for the magnificent series of remains of this kind which it 
contained. 




LiGK. 119. — Fossil Wing of a species of Dragon-fly; from the Lias op 
BiDFORD, Warwickshire. (Nat. sizeJ.X 

a, Spot on the margin of the wing. 

{JEshna Liassina, of Mr. Strickland.) 

Species allied to the Shrimps, Prawns, Lobsters, and 
Crabs, have been found in great perfection at Solenhofen, 
Pappenheim, &c. ; a species of Limulus, or of some allied 
form {Eryon Cuvieri\ occurs in an exceedingly perfect 
state. 

♦ See the London Geological and Palseontological Journal, No. 2, 
PI. XV. XVI., for figures of some remarkable specimens in the cabinet 
of Mr. Channing Pearce. 

f See Dr. Buckland's Bridgwater Essay, for exquisite figures of the 
ihells and soft parts of Cephalopoda. 

t By H. G. Strickland, Esq.—Mag. Nat. Hist. vol. iv. p. 301. 
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A beautifiil Dragon -fly, from Solenhofen, in the cabinet of 
the Marquess of Northampton, is figured in Medals of Crea* ^ 
tion (vol. ii. p. 574). In England, the Lias, Stonesfield slates, , 
and Forest marble, have alone yielded fossil insects. Among 
the specimens found in the Lias, is a wing of a very large 
Dragon-fly, which Mr. Strickland states closely resembles 
the recent species in the general arrangement of the ,, 
nervures, and is nearly related to the genus ^shna 
{Lign. 119). In this fossil an opaque spot (a) exists on 
the anterior margin of the wing, as in most of the living 
Libellulidae. 

Mr. Brodie has figured and described numerous fossil 
insects from the Oolite of England,* comprising Coleoptera, , 
Neuroptera, Hemiptera, and Homoptera. The wings of 
insects allied to the recent genus Panorpa, have been found 
in the Lias of Wainlode Cliff", on the banks of the Severn. -f- 

As in the case of the insects of the "Wealden, the several 
hundred specimens that have been discovered in the lower 
beds of the Lias, all belong to forms that inhabit temperate 
climates, and present a remarkable affinity to existing 
families ; so that in one instance only has Mr. Westwood, 
the distinguished entomologist, ventured to propose a new 
generic name.f 

30. Fishes. — All the fishes of the Oolite are referable to 

* History of Fossil Insects, p. xiv. In this work will be found an 
account of all the localities in which insect remains have been dis- 
covered in the secondary rocks of England. The descriptive sections . 
are highly instructive. See also Dr. Buckland's Bridg. Essay ; and 
Medals of Creation, vol. ii. 

f See Medals of Creation, vol. ii. p. 676. The transverse lines on ^ 
the wings are not fractures, as Mr. Brodie supposes, (Fossil Insects, ^ 
note to p. 59,) but nervures ; the figures were accurately drawn under ^ 
the microscope by Mr. Woodward. 

X Mr. Strickhmd, on the results of recent researches into the fossil 
insects of the secondary formations of Britain : Brit. Assoc. Beports 
for 1845, p. 58. 
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sxtinct genera, and essentially differ, as a whole, from those 

»f the cretaceous epoch. Teeth, scales, dorsal spines, and 

' remains of species of the genera Lepidotus^ AcroduSy 

U }dusy LeptolepiSy Psammodtnf, Ceratodtis, &c. are 

ant in many of the strata.* 

At the base of the Lias, and separating the lowermost 

ie from the uppermost Triassic bed beneath, there is a 

layer of coarse detritus, a few inches thick, commonly 

YU as the Sone-hed^ from the immense quantities of 




LiGN. 120. — Restored figuae op the Dapedius op the lias. 
(One-sixth the natural size. By M. Agassiz.) 

water-worn bones, teeth, and coprolites of fishes, which 
it ccmtains. It is, in fact, an aggregation of mud, sand, 



• See Medals of Creation, vol. 11. for figures and descriptions. In the 
British Mnsenm there is an extensive collection of the fossil fishes of the 
Liia and Oolite, and the scientific and English names are affixed to each 
^ecimen : it only requires the localities to be added to render the 
ttwngement perfect. The eminent naturalist, Charles Konig, Esq., 
tiio has so long presided over this noble gallery of organic remains, 
deserves the highest praise for the admirable manner in which the 
^>«ils are displayed and classified. 
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and the debris of fishes and reptiles. Aust Clifi*, on the 
Severn, near Westbury, in Somersetshire, is a well-known 
locality for the fossils of this remarkable deposit. By 
some geologists this bone-bed is included in the Trias, 
and by others in the Lias. A similar stratum occupies 
the same geological position in Germany, and contains 
organic remains of a like nature ; specimens of teeth of 
fishes of the genus Ceratodus (Med. Great, p. 618), are 
very frequent in this bed. 

Among the Ichthyolites that prevail in the Lias, the 
scales and teeth of a genus of Ganoids called Dapedius 
{Lign, 120), are especially abundant, and entire specimens 
of the fish are often met with. I am led to notice this genus 
more particularly, that your attention may be directed to a 
remarkable modification of structure observable in the 
Ichthyolites of the more ancient deposits, which will here- 
after come under our examination. The Dapedius belongs 
to that division of the Lepidoids in which the tail is homo- 
cereal^ or equal-tailed; while in all the genera of the 
palaeozoic strata (p. 203) the tail is heterocercaly or unequal- 
lobed.* But few of the existing genera of fishes have this 
condition of the caudal fin, while it is found in almost every 
fossil species below the Triassic deposits.f 

31. Reptiles of the Jurassic system. — The preva- 
lence of animals of the reptile class during the Oolitic 
era, was incidentally alluded to in the course of our 
previous observations on the organic contents of the 
different members of this extensive formation. From 
the lowermost stratum, the bone-bed of the Lias, to the 
uppermost layer of the Portland stone, the remains of 

* See Medals of Creation, p. 604, 

f It is worthy of remark, that in the embryotic state the tail in all 
fishes is heterocercal, and passes into the homocercal type in the pro- 
gress of development in those species which have this form of the 
caudal appendage when arrived at maturity. 
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extinct reptiles have been found more or less abundantly 
in everj deposit. Upwards of fifty species, belonging to 
several genera, have been determined by the various natural- 
ists who have treated on this subject. Those of the British 
strata have been accurately investigated and described by 
Professor Owen, whose memoir, in the Reports of the 
British Association for 1840 and 1841, presents a masterly 
and comprehensive view of the fossil reptiles at that time 
known. As I shall have occasion to recur to this subject 
m the sequel, it will be sufficient in this place briefly to 
enumerate the principal kinds hitherto discovered in the 
Oolite and Lias. 

In addition to the reptiles of which remains have been 
found in the Chalk and Wealden, namely the Megalosau- 
rus (ante^ p. 421), Poecilopleuron (p. 417), Cetiosaurus 
(p. 412), Streptospondylus, Pterodactylus, Ichthyosaurus, 
Plesiosaurus, — and of some of these, especially of the 
two last-named genera, numerous species abound in the 
Lias, and Oolite, — several other Crocodilian and Lacer- 
tian reptiles, with peculiar osteological modifications, also 
occur. These are the Teleosaurus, Steneosaurus, &c.* 
which are characterized by their long narrow muzzles, 
sharp-pointed teeth, short forelegs, imbricated scales, and 
doubly concave or flat vertebrse : their relics are chiefly 
found in the middle and lower Oolite. 

The most remarkable circumstance relating to the Ich- 
thyosauri and Plesiosauri that swarm in the Lias, is the 
connected state in which all the bones of the skeleton occur. 
The entire osseous frame-work, from the extremity of 
the snout to the last vertebra of the tail, often remains 
entire, or but very little displaced from its natural posi- 
tion ; even the bones of the paddles, with their cartilagi- 
nous appendages, are in some instances preserved, f The 
indigestible portion of the food of these carnivorous marine 

* See Medals of Creation, vol. ii. p. 723. f Ibid. p. 713. 

VOL. II. N N 
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reptiles, as the scales, teeth, and bones of fishes, and their 
coprolites, are frequently met with in the abdominal 
cavity.* These facts show that the carcasses of these 
animals were imbedded in the soft mud at the bottom of 
the sea, without having been exposed to the action of 
the billows, or to long transport by rivers or currents. 
The Wealden fossils present a strildng contrast in this 
respect ; for although bones of plesiosauri are by no means 
uncommon in that formation, no two have ever been ob- 
served in contact, and all the specimens that have come 
under my observation are water-worn. 

In the Kimmeridge Clay, the relics of a very large.marine 
lizwd allied to the Plesiosaurians, but distinguished by cer- 
tain osteological characters, have been met with : this extinct 
reptile is named Pliosaurus. Bones of Flying-Dragons, or 
Pterodactyles, occur more abundantly in the Oolite and Lias 
than in any other series of deposits ; eleven species have 
been found in the Solenhofen quarries alone. In the Stones- 
field slate {Pterodactylus JBttcklandi), and in the Lias of 
Lyme Regis (P. macronyx\ bones of one species, and a 
considerable part of the skeleton of another, have been 
discovered. The Mammalians of Stonesfield have already 
been noticed {antey p. 510). 

The general character of the Jurassic or Oolitic formation, 
as derived from its organic remains, is therefore that of a 
series of oceanic deposits, accumulated in a depression of 
great extent, through a period of immense duration. The 
sea teemed with marine animals, belonging to genera and 
species most of which became extinct before the Tertiary 
epoch ; and with these were associated multitudes of pecu- 
liar Reptiles. The dry land, as attested by the remains 
drifted into the basin of the sea, was inhabited by numerous 
reptiles, and a few marsupial mammalia, and was clothed 
with tree-ferns, palms, cycadeous plants, and coniferous trees. 

* Consult Dr. Buckland's Bridgwater Essay. 
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1. The Trias and Permian. 2. Geographical Distribution of the Trias and Permian. 
3. Rock-Salt and Brine Springs. 4. Origin of Rock-Salt and Gypsum. 5. The 
Cheltenham Waters. 6. Conglomerates of the Trias. 7. Organic remains of the 
Trias. 8. Mollusca and Crinoidea. 9. Fishes of the Trias. 10. Reptiles of the 
Trias. 11. The Labjrrinthodon. 12. The Rhyncosaurus. 13. The Dicynodon 
of Africa. 14. Foot-prints on stone. 15. Omithichnites. 16. The Permian 
System. 17. Magnesian limestone or Zechstein. 18. Permian of Germany and 
Russia. 19. Organic Remains of the Permian System. 20. Invertebrata of the 
Permian. 21. Fishes of the Permian. 22. Reptiles of the Permian. 23. Reptiles. 
24. Chelonians or Turtles. 25. Crocodiles. 26. Enalio-Saurians or Marine 
Reptiles. 27. The Plesiosaurus. 28. Pterodactyles, or Flying Reptiles. 29. 
Ophidians and Batrachians. 30. Review of the Age of Reptiles. 31. Objections 
considered. 32. Concluding Remarks. 

1. The Trias and Permian Formations. — Beneath the 
Lias there is a series of strata, many hundred yards in total 
thickness, which was formerly known in geology as the 
Saliferous, or New Med Sandstone Formation, and divided 
into two groups, namely the Upper, and Lower.* But 
recent investigations having shown, that of the fossils found 
in the lowermost group, not a single species is known in 
the upper series, nor in any newer strata, this system is now 

* As in the former editions of this work : and in the Medals of 
Creation, voL i. 39. 

nn2 
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separated from the former, and regarded as the first, or 
terminal group, of the Pahsozoic or ancient secondary ; 
while the Upper New Red is ranked as the lower- 
most of the medial secondary formations.* The name of 
Trias, or Triassic System, by which the Upper New Red 
is now distinguished, relates to the well-marked triple 
subdivision of this series in Germany, and has been adopted 
to avoid confusion from the restricted application of the 
old term. The synonyme of saliferous, refers to the inmiense 
beds of rock-salt which alternate with the red marls in 
Cheshire, and other parts of England. The following 
table shows the characters and order of succession of the 
principal deposits : 

The Tmassio or New Red Foemation. 

(Comprising the Keuper, MiMchelhalk, and Upper Bunter, of the 
German geologists.) 

1. Variegated red, bluish, and white marls, with gypsum, and 

immense beds of rock-salt. 

2. Variegated red and white sandstone. 

3. Conglomerates formed of the detritus of the older sedimentary 

rocks. 

4. Red mottled sandstones, and marls. 

Total thickness, about 300 yards. 

The Pebmian or Magnesian Limbstonb Formation. 

(Comprising the Lotoer Bunter, Zechstein, and Both-todt-liegendes,^ 
of the Germans,) 

1. Red and white marls. 

2. Magnesian limestone (Zechstein) ; white, red, or yellowish lime- 

stone, with a large proportion of magnesia, in thick beds, with 
marine organic remains. 



* See the "Synoptical Arrangement," p. 203. 

t Roth-todtrliegendeSf signifying, red-dead Iyer, is a German mining 
term, denoting tiiat the copper of the upper beds has died out, this 
layer not being metalliferous. 
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3. Marl slate, in thin layers, containing reptiles and fishes. The 

Keuper schiefer, or Copper schist of Mansfeld. 

4. Marls and yariegated sandstones, with sands and clays of variable 

thickness and character. 

Total thickness, 100 yards. 

From this tabular view, the Trias and Pennian systems 
are seen to consist of yariegated blue and red marls and 
sandstones, magnesian limestones, and conglomerates, more 
or less coloured with peroxide of iron ; the upper group 
containing beds of salt and gypsum, and the lower, cal- 
careous rocks, having in their composition a large propor- 
tion of magnesia. As a whole, the strata are comparatively 
scanty in organic remains ; but in some localities plants of 
several genera and species, — ammonites, nautili, belemnites, 
and other marine shells, — and Plesiosauri and other reptiles 
are met with ; certain species and genera being peculiar to 
each system. 

2. Geogbaphical Distribution op the Trias and 
Permian. — ^For the sake of conciseness I shall comprise 
both systems, in the following brief notice of their geogra- 
phical distribution.* 

From the river Tees {see the map, PL I. p. 462), on the 
Yorkshire coast, the line of their emergence from beneath the 
Lias, forms their eastern boundary; and they extend nearly 
parallel with the western branch of that formation to the 
Dorsetshire and Devonshire coasts, near Lyme Regis, 
Sidmouth, and Torbay.-|" But the district of which they 
form the subsoil, is exceedingly variable in breadth, from 
the great extension of its western limits. This arises from 
the saliferous being the last of the nearly horizontal con- 

* In the map, Plate I. the Trias and Permian are both included 
nnder the term Tridssic, and denoted by the same colour and number 

t This account of the course of the Trias is principally derived 
from the " Geology of England and Wales." 
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formable beds of the eastern and southern counties : the 
underlying strata being thrown up at various and often 
considerable angles, into lofty groups and chains of 
mountains, which appear like so many islands amidst the 
great plain of Red-marl (see section of the Mendips, lAgn, 
118)* From Yorkshire to Nottingham they constitute a 
tract of a somewhat uniform breadth of twelve miles. In 
many parts of Nottinghamshire veins of gypsum are 
abundant in the marls ; and a quartzose gravel, consolidated 
into a breccia or conglomerate, covers a considerable area, 
and forms the hill on which Nottingham Castle is situated. 
Passing on to Derby and Leicester, the Red-marl spreads 
into a vast plain, which occupies nearly the whole of 
Cheshire, and the southern part of Lancashire and Shrop- 
shire, and is the grand depository of rock-salt. The 
Dudley coal-field is surrounded by Triassic strata, which 
extend to Cheshire on the one hand, and to Leicestershire 
and Yorkshire on the other.* The Magnesian limestone 
range of the Permian in the south of England, forms a 
natural terrace from 400 to 500 feet above the level of the 
sea, its escarpment being to the west.f 

On the Continent this group, with some occasional 
variations in the strata, may be traced opposite the Devon- 
shire coast, skirting the transition rocks of Brittany, and 
to the west underlying the Jura limestone, and containing 
beds of gypsum and salt. It encircles the Vosges and the 
German chain of the Black Forest in the south, forms a 
zone on either side the Alps, and flanks both sides of the 
Carpathian mountains. It spreads over an extensive area 
in central Germany, and prevails in the north and east of 
European Russia ; the great extension of the Magnesian 

* See a brief notice of the Bed-marl near Leicester in Medals of 
Creation, vol. ii. p. 934. 
f Professor Phillips. 
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Ud one ^series, over the ancient kingdom of Permia, sug- 
L the present geological name of this formation. 

The Trias of Germany, distinct in its triple characters, 
is well developed in Bavaria and Wirtemberg, Imme- 

tely beneath the Lias is the series termed the ICeuper, 
which consists, of variegated red and green marls and 
ones, containing intercalations of salt and gypsum, as 
in Jb^ngland. This group is superimposed on a fine cream- 
coloured shelly limestone, called the Muschelkalkj which 
abounds in organic remains ; especially in that beautiful 
extinct crinoidean, the Idli/ encrinite (Lign, 124), which is 
exclusively found in this bed; the equivalent of the Muschel- 
kalk is not known in England. The lowermost series is 
the Bunter sandsteiriy* consisting of variegated sandstones 
and marls, resembling those of the upper group. 

In the United States of North America the Trias ' 
occupies the valley of the Connecticut, from Newhaven 
to the north line of Massachusetts. It contains carboni- 
ferous shale, with plants belonging to the fossil genera, 
CalamiteSn Lycopodites, Voltzia, and Fucoides ; and bitu- 
minous slate, with fishes resembling those of the Trias of 
Europe.| These strata are invested with an extraordinary 
degree of interest, from the abundance and variety of thfe 
foot-prints of unknown animals with which the surface of 
some of the laminated sandstones are impressed ; a pheno- 
menon we shall presently examine. ^^ 

There does not appear to be any deposits in North America 
that can be regarded as the equivalents of the Permian : in 
that country the Palaeozoic series terminates with the Coal, 
for the zone of Triassic deposits is the only indication of 

♦ Variegated or spotted sandstone. 

t Eeyiew of the Geology of Massachusetts, by Professor Hitchcock, 
of Amherst College. This work is alike honourable to the eminent 
aathor, and the enlightened government by whose direction it was 
imlertaken. 
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sedimentary rocks of an age intermediate between the carboni- 
ferous and cretaceous formations; with the solitary exception 
of the Virginian coal-field previously described (p. 520). 

3. Rock-salt and Bbine Springs of the Tbla.s. — 
In England, the Trias is the chief repository of salt or 
chloride of sodium: and brine-springs, which are sub- 
terranean streams of water impregnated with salt from 
percolating through saliferous strata, are abundant in the 
great plain of the red marls and. sandstones of Cheshire. 
The salt, however, is not uniform in extent, but occupies 
limited areas. The saliferous strata of Northwich present 
the following series : — 

Feet. 

1. Uppermost calcareous marl ... 15 

2. Bed and blue clays 120 

3. Bed of rock-salt 76 

4. Clay, with veins of rock-salt . . 31 

5. Second bed of rock-salt . . . .' 110 

Droitwich, in Worcestershire, which is situated nearly 
in the centre of the county, has been celebrated for the 
production of salt from its brine-springs, from the time of 
the Romans; and ever since, this inexhaustible fountain 
of saline water has continued flowing up, and yielding salt 
in undiminished quantities.* It is probable that the manu- 
facture is coeval with the town itself; but it was not till 
the year 1725, that the strong brine for which it is now 
famous, was discovered ; from one spring alone, the 
enormous quantity of a thousand tons of salt are obtained 
per week. 

At a distance of from thirty or forty feet below the surface, 
there is a bed of hard gjrpsum, about 150 feet thick : through 

* The Bomans imposed a tax on the Britons who worked the 
Droitwich salt mines, and made salt a part of the pay of their soldiers* 
salarium, or salary. Hence the custom of asking for salt at the Eton 
Montem. — Geology of England aTid Wales, p. 282. 
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this ^ small hole is bored to the river of brine, which is iu 
depth about twenty-two inches, and beneath which is 
rock-salt. The brine rises rapidly through the aper- 
ture, and is pumped into a capacious reservoir, whence it 
is conveyed into iron boilers for evaporation; it is sup- 
posed to be stronger than any other in the kingdom, and 
contains above one-fourth part its weight of salt. One of 
the shafts is sunk to a depth of nearly 500 feet, and passes 
through four layers of salt, 85 feet in aggregate thick- 
ness. Some of the beds of salt in Cheshire are from 70 to 
120 feet thick. A red sandstone, containing vegetable 
remains, forms the foundation rock of the saliferous deposits 
of England.* 

4. Okigin op Rock-salt. — The origin of these enormous 
Bubterranean beds of rock-salt is as enigmatical as that 
of the saltness of the waters of the ocean. But deposits of 
salt, though prevailing in England, Hungary, and Poland, 
in the formation under examination, are not confined 
to any particular group of strata. The celebrated salt- 
mines of Galicia belong to the tertiary formations {ante^ 
p. 284) ; while, in the State of New York, salt and gypsum, 
with variegated marls, are found in the middle of the 
Silurian system.^ It is to be remarked, that deposits of chlo- 
ride of sodium are almost always accompanied with layers 
and intercalations of gypsum ; and the circumstance of two 
powerful acids, the sulphuric (in the gypsum or sulphate 
of lime), and the muriatic (in the chloride of sodium), being 

* For a graphic account of the salt-works at Droitwlch at the present 
time, see Mr. Hugh Miller's ** Impressions of England and its People," 
p. 179. 

f In the middle of the horizontal Silurian rocks of the State of New 
York, there is a formation of red, green, and bluish grey marls, with 
beds of gypsum, and occasional salt springs, the whole being from 800 
to 1000 feet thick, and undistinguishable in mineral character from 
parts of the Trias of Europe. — Mr. LyeWs TravtUs in AmeHca, p. 54. 
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SO largely and uniformly present, seems to indicate a com- 
mon origin; both occur abundantly as volcanic products. 
. In a more advanced state of chemical science, this fact 
may probably tend to the elucidation of the question under 
consideration. 

The gypsum associated with rock-salt, is considered by 
several eminent observers to be anhydrous, that is, entirely 
free from water, before exposed to moisture. The great 
beds of gypsum that occur with rock-salt at Bex, in Swit- 
zerland, were found by M. Carpentier to be anhydrous 
when laid open to the atmosphere. Hence Mr. Bakewell 
suggests that the consolidation of the salt and gypsum, must 
have been effected in such cases by heat, for there is no 
conceivable mode of aqueous deposition that could form 
anhydrous gypsum.* The red colour of the salt and 
marls is occasioned by oxide of iron, which may have been 
derived from decomposed trap rocks. 

That many of the deposits of salt may have originated 
simply from the evaporation of sea-water pent up in 
lagoons, lakes, or inland seas, is a generally received, and 
not improbable supposition; but the absence of marine 
organisms, of any kind, has been regarded as a formidable 
objection to this hypothesis. f Another difficulty presents 
itself in the enormous thickness of many of the beds of 
salt ; which^ if considered as the solid residuum of sea water, 
must have required a body of fluid inconceivably great ; 
unless we suppose the seas of those ancient periods to have 



* I would refer to Mr. Bakewell s Introduction to (Jeology, (6th edit, 
p. 289,) for a luminous review of this problem, and a full account of 
the most important deposits of salt. 

t It cannot however be with certainty determined, whether the 
absence or paucity of fossils in a deposit is owing to an actual reducT 
tion of the amount of life in the seas of a given area, or to the mineral 
character of the strata not having been favourable to the preservation 
of organic remains. 
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Qed a much larger proportion of saline ingredients 
thantlie present, — an inference for which there are no reason- 
able grounds whatever. K we imagine successive subsidences 

I of a given area to have taken place, the alternations of beds 
of marls with layers of salt of variable thickness, may be 

I explained ; but the difficulties above mentioned remain in 
full force. As the chlorides of sodium and gypsum* are 
often sublimed from volcanic vents, an igneous origin has 
been ascribed to many of the beds of salt and sulphate of 
lime. Gypsum is unquestionably, in most instances, a 
metamorphic rock ; for sulphurous fumes acting on beds 
of clay containing shells, convert the lime into selenite, 
and limestone into fibrous and rock gypsum. Many ter- 
tiary gypseous deposits have evidently originated from 
this cause: but crystals of gypsum are also abundantly 
found in beds containing pyrites, from the decomposition 
of the sulphuret of iron,^ and the formation of sulphate of 
lime from the action of the liberated sulphuric acid on 
the calcareous materials, f In many parts of Sicily, vapours 
charged with sulphuric acid are constantly emanating from 
vents or fumaroles, as they are termed, and throw down 
large deposits of sulphur and gypsum ; and the fumes of 
sulphur and boracic acid escape in such quantities, that 
the peasants put pots, and often bee-hives, over the fuma- 
roles, and thus collect abundance of sulphur and boracic 



* Gypsum, or sulphate of lime, consists of sulphuric acid, 46*31 ; 
lime, 32-90 ; and water, 20*79. The massive gypsum is c&Wed Alabaster ; 
the transparent gypsum, Selenite; powdered calcined gypsum forms 
Plaster of Paris. The fibrous gypsum has a silken lustre, and is 
used for ear-rings, brooches, and other ornaments. Fibrous gypsum 
of great beauty occurs in Derbyshire : veins and masses of this sub- 
stance abound in the red marls bordering the valley of the Trent. 

■J Kecent railway embankments of shelly clays often exhibit this 
phenomenon, and are liable to give way from their consolidation being 
thereby prevented. 
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acid.* In Tuscany, boracic acid is obtained from jets of 
vapour which force their way through secondary rocks in 
contact with serpentine, f 

The connexion between volcanic action and the for- 
mation of gypsum, seems also pointed out by the fact, that, 
in North America, where volcanic rocks are not associated 
with the coal measures, there are no beds of gypsum : but 
in Nova Scotia, where igneous rocks are interpolated 
beneath the coal, there are extensive gypseous deposits.^ 
Mr. Lyell, after a careful remw of the phenomena exhi- 
bited by these gypsiferous strata, expresses his conviction, 
that the production of gypsum in the carboniferous sea 
was intimately connected with volcanic action, whether in 
the form of stufas or heated vapours, or of hot mineral 
springs, or some other effects of sub-marine igneous erup- 
tions. 

I may, also, remark, that the variegated appearance of 
the marls, — red, pink, blue, yellow, dun, &c.— of the Trias, 
seems to have been produced by the chemical effects of 
vapours or fluids charged with sulphuric or chloric acid ; at 
least the same change is induced on the tertiary marls of 
the Lipari Isles, by the gaseous emanations and vapours of 
the fumaroles and hot springs. 

5. The Cheltenham Waters. — In certain localities 
where the marls of the Trias are covered by other beds, 
and the saline springs force their way to the surface through 
the superincumbent deposits, chemical changes take place 
in these solutions of chloride of sodium, which thus acquire 

^ Mr. Playfair informed Dr. Buckland, that, during an eraption of 
Vesuvius, sulphuret of copper was ejected : and Mr. Fox states that 
sulphuret of copper may have been deposited from solution in boiling 
water. 

f See a highly interesting Memoir on the Geology of some parts of 
Tuscany, by W. J. Hamilton, Esq. M.P. Geol. Journal, vol. i. p. 274. 

X See Geological Journal, vol. iii. p. 257. 
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Other properties, and become what are termed mineral 

waters ; such is the origin of the celebrated Cheltenham 

waters.* 

The town of Cheltenham is built on Lias clays and 

Is, beneath which, but at a great depth, lie the Trias- 

sic deposits, the reservoir of the rock-salt and brine- 

spi 3, whence the mineral waters have their origin^ 

derive their saline ingredients; but these undergo 

Ta modifications in their passage to the surface through 

perincumbent beds of Lias, which are full of iron 

py and sulphate of lime. From the analyses of these 



Cheltenham. 




LiGN. 121.— Section op the Lias at Cheltenham. 
(From Sir R. I. Afurchison's Sil. Syst.) 

1, 1. Red marL 2, 2, 2. Origin of the Cheltenham waters. 8, 3. Lias clays 
and marls. 4. Alluvium. 

waters, it appears " that their principal constituents are 
the chloride of sodium (muriate of soda) or sea-salt, and 
the sulphates of soda and magnesia. Sulphate of lime, 
oxide of iron, and chloride of magnesium, are present in 
some wells only, and in much smaller quantities. Besides 
these ingredients, iodine and bromine have been detected 
by Dr. Daubeny, who instituted experiments to ascertain 
whether these two active principles, which the French 
chemists had recently discovered in modern marine pro- 

» See Sir R. I. Murchison, on the mineral springs of Gloucester- 
shire and Worcestershire. Silurian System, p. 34. 
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ductions, did not also exist in mineral waters issuing from 
strata formed in the ancient seas. 

As the saline springs of the red marls rise up through 
the Lias {lAgn. 121), they undergo certain chemical 
changes* From the decomposition of the sulphate of iron 
which takes place, a vast quantity of sulphuric acid must be 
generated, which reacting on the different bases of magnesia, 
lime, &c. contained in the strata, forms those sulphates so 
prevalent in the higher or pyritous beds of the Lias; the 
oxide of iron being at the same time more or less completely 
separated. By this means the mineral waters, which are 
probably mere brine-springs at the greatest depths, acquire 
additional medicinal qualities as they ascend to the places 
whence they flow. At the same time it must be borne in 
mind that fresh water is continually falling from the atmos- 
phere upon the surface of the Lias clays, and percolating 
through the uppermost strata.* 

6. Conglomerates of the Trla.s. — The conglomerates 
of this formation are chiefly composed of pebbles and 
detritus, derived from the destruction of igneous and meta- 
morphic rocks, as slate, quartz-rock, granite, porphyry, 
&c. ; even the fine siliceous sandstones contain a large pro- 
portion of debris. It would, therefore, appear that the sea 
which deposited the saliferous group, was bounded by the 
rocks of whose ruins it is composed ; in like manner as the 
existence of beaches of flint-pebbles evinces the destruction 
of former chalk-cliffs. 

The rock on which Nottingham Castle is built, is a con- 
glomerate formed of the ruins of the ancient rocks of the 
neighbouring districts. The rounded pebbles of quartz, 

* The origin of the Cheltenham waters was first pointed out by Sir 
R. I. MurcMson, in his elegant volume "On the Gteology of the 
Neighbourhood of Cheltenham," 1834. See the " Silurian System," 
for a masterly sketch of the Lias and Trias of Worcestershire, Shrop- 
shire, &c. 
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Lydian- stone, granite, jasper, porphyry, slate, &c. seem to 
have originated from rocks formerly connected with the 

ge of Charnwood Forest. Still nearer the Charnwood 
hills, the finest sandstone contains fragments of slate. Mr. 
Bakewell was of opinion that a large proportion of the ma- 
terials of the Triassic strata was derived from trap and other 
igneous rocks; and that the red marl was the debris arising 
from the decomposition of the less indurated volcanic pro- 
ducts ; hence, probably, the extreme fertility of the soil.* 

But the most interesting of these conglomerates, or 
breccias, in England, are those in which eruptions of lava 
appear to have been thrown into the ocean of the New Red, 
and to have cemented together the water-worn materials, so 
as to form a trap conglomerate ; such, at least, seems to have 
been the origin of the amygdaloidal trap, as it is termed, in 
the vicinity of Exeter. •}• A few miles to the south of that 
city, masses of a rock of this kind are interposed between 
beds of sandstone ; the general appearance of the stone is 
that of a granular rock, somewhat loosely compacted, of a 
purplish-brown colour, interspersed with minute portions of 
calcareous spar, mica, and indurated clay tinged by copper 
or manganese. It is full of small cells, which are either 
filled or lined with manganese, calc-spar, or jasper ; a 
structure termed in geology amygdaloidal^ or almond-like : 
the substance of the rock is an earthy felspar. 

7- Obganic Remains of the Trias. — This formation 
presents a remarkable contrast with that of the Jurassic, in 
the paucity of organic remains ; for while the latter teems 
with marine fossils, the former, throughout immense areas, 
is almost wholly destitute of any vestiges of animals or 
vegetables ; a proof that the strata were, for the most part, 
accumulated under conditions unfavourable for the preser- 
vation of organic structures. Several fucoid plants, and 

* Introduction to Geology, fifth edition, p. 279, 
f Geology of England and Wales, p. 294. 
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between twenty and thirty species of ferns and coniferae, 
have, however, been obtained and determined. Among these 
are fronds of a plant bearing some resemblance to the 




Lion. 122. — Fossii. plant allied to the adderVtongue ; fbom the red 

MARL, SuLTZ-LES-BAINS. 

(Filicifes scolopendrioidet ; one-half the natural size.) 

Adder's tongue {Asplenium scolopendrium), so common on 
the banks of our woods and copses ; a specimen discovered 
by M. Voltz exhibits the fructification on the back of the 
leaf (Lign, 122). But the most characteristic plants of 
the Triassic flora are coniferae belonging to a genus named 
Voltzia,* which differ from any now living, but closely 
resemble the Araucaria, or Norfolk Island pine. Fragments 
of these fossil plants are frequent in the greenish marls near 
Strasburg : two specimens are figured in Idgn. 123 ; Jig. 2, 
shows the fructification. | Several species of equiseta- 
ceous plants ( Catamites) abound ; one of which, the Equi- 
setum columnare, also occurs in the Oolite. The remains 
of a very peculiar arborescent fern, of a large size, some 
of the fronds being upwards of two feet in length, have 
been collected from the same place 4 a^d several liliaceous 
plants. 

In the Trias near Chemnitz, in Saxony, silicified stems 

♦ From the late M. Voltz of Strasburg, by whom they were first 
discovered. 

f See Essai d'une Flore du Grfes Bigarr6 ; par M. Ad. Brongniart, 
Ann. Sciences Nat. 1828. 

X This fossil plant is named Anomopteris Mougeoti; Medals of 
Creation, vol. i. p. 119. — Brit. Mus. Collect. 
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of arborescent ferns, of great beauty, are met with ; and 

a few tranks of trees, apparently conifene, have been dis* 

eo^ered in the Red sandstone, near Coventry.* 

A very remarkable fossil has been found in the Triassic 

dstone, near Liverpool ; it is a leaf of considerable size, 




1 2 

Lion. 123. — Conifebjb of the Tbias; from Sultz-lxs-baims. 
Fig. 1. Voltzia loDgifolia. 

— 2. brevifolia; with the fructification. 

(Collected by M. Voltz.) 

bearing a striking resemblance to the foliage of some of the 
thick-ribbed cabbages. f I will only add, that as a whole, the 
flora of the Trias, or Upper New Red, presents a community of 

* Medals of Creation, vol. i. p. 128. 
t Sir R. I. Murchiflon's '* Silurian System," p. 43. 
VOL. II. O O 
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character by which it is separated alike from the vegetation 
of the older formations below, and of the Lias above. 

8. MoLLUSCA AND Gbinoidea. — ^Polypifcrous zoophytes 
and corals, which are so abundant in the Jurassic formation, 




LioM.124.— The LilyEncrinite, from the Mv8CHEj:.kalk, near Brvmswicx. 
{Encrinus monileformis.) 

are very rare in the Trias. The shells comprise a few species 
of Trigonia, Posidonomya,* Terebratula, Avicula, Ostrea, 

* Posidonomya minvJta is, I believe, the only BritiBh speciei. 
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&C9 and some peculiar Ammonites.* The Radiaria consist 
% few Star-fishes, Gidares, Fentacrinites, and Encrinites. 
Ot' the latter, a most beautiful form of this family of 
Crinoideans is exclusively found in the Muschelkalk. 

This is the Lify Eficrinite (Lign, 124), so named from 
the supposed resemblance of the animal, when in re- 
pose, to a closed lily : in the lecture on Zoophytes I shall 
describe this elegant fossil more particularly: the speci- 
mens hitherto obtained are from the neighbourhood of 
Hanover. 

9. EiSHES OF THE TsiAS. — The bone bed that inter- 
venes between the Lias and Trias (antej p. 529), contains 
teeth and dorsal rays of numerous small fishes of the genera 
Acrodusy CeratoduSy Ch/rolepiSj HyhoduSy and Nema- 
canthus; similar remains occur, but very rarely, in the 
sandstones and conglomerates. One of the most striking 
ichthyological features of the Triassic and Permian deposits, 
is the prevalence of fishes of the genus Palceoniscus, of 
which several species abound in the marls, sandstones, and 
limestones, of England, Europe, and North America. These 
fishes belong to the ganoids with heterocercal tails, and 
are covered with rhomboidal scales, which in some species 
are very small, and in others large. In certain localities 
the small species are sometimes found in groups of more 
than two hundred individuals on a slab of stone not 
exceeding two feet square. As only one species of the 
genus has been identified in the Trias, the Palaeonisci are 
more properly characteristic of the Lower New Red, or 
Permian system. 

10. Reptiles op the Trias. — The Triassic strata not 
only contain teeth and bones of several remarkable reptiles, 
but also bear the foot-marks, or imprints of the feet, of 
many animals, both bipeds and quadrupeds, of whose 
existence no other traces have, as yet, been discovered. 

* Termed Ceratites, See Mr. Lyell's " Elements/' toI. ii. p. 92. 
OO 2 
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Although, from the short time that has elapsed since the 
classification of the New Red system into two distinct 
formations, the true geological position of some of the 
strata bearing such imprints is somewhat doubtful, (for 
some geologists question whether a great part of the New 
Red of North America may not be referable to the Per- 
mian group), it will be convenient to notice the phenomena 
in question in this place ; I will therefore, first, describe 
the reptilian remains, and afterwards examine the fossil 
foot-marks. 

Bones of several species of Ichthyosauri and Plesiosauri 
have been found in the Triassic strata of Wirtemberg by 
Dr. Jaeger of Stutgard. But the most extraordinary rep- 
tilian remains, discovered in that country by the same 
eminent physician, belong to enormous Batrachians, or 
animals allied to the frog-tribe. The principal fossils 
consist of portions of the cranium, and jaws with nume- 
rous teeth ; and an occipital bone, with a double arti- 
culating surface,— a proof of its batrachian affinity. Teeth, 
portions of the skull and jaws, and a few other bones, 
have since been found in Warwickshire; and by these 
Professor Owen has ascertained that the animab to 
which they belonged formed an extinct genus of Batra- 
chians. 

11. The Labyrinthodon.* — These teeth are of a gently 
curved conical shape, and present no peculiar external 
characters ; but Professor Owen, having made various 
sections to examine their intimate structure, found a most 
extraordinary modification in the arrangement of the dental 
elements. The teeth of the gigantic reptile of Wirtemberg, 
(some of which are two inches long), and those from 
Warwickshire, all possess a remarkable complicated 
character, produced by the convergence of numerous laby- 

* Medals of Creation, toI. ii. p. 784. 
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rinthine fidds of the external layer of cement, towards the 
palp ea¥i^ ; and within these inflections, the dentine, or 
toodi-lTory, 18 similarly disposed. Transverse sections, 
tiMrafora^ display the most heautiful interfoldings of the 
two fulMrtanoes; and as the fossils are generally deeply 
coloiiied hj iron or manganese, they exhili^it under a slightly 
■agidfyiiig power, an extremely interesting appearance ;* 
diis peeuUarity of oiganization suggested the name assigned 
to tlus genus of fossil Batrachians.t 

From the structure of the cranium, it appears that the 
Labyiinthodon, of which there are five species, had sub- 
terminal nostrils leading to a wide and shallow nasal cavity, 
separated firom the cavity of the mouth by a broad and 
almost Continuous horizontal palatal flooring. It is, there- 
fan^ infisned that these reptiles breathed air like the 
croeodlleis and were probably furnished with well-deve- 
loped ribe: thus the first representatives of the Batra- 
ddami^ <rf which we have any indication, belong to a higher 
eondition of structure than any now known to exist.^ The 
gigantic Wirtemberg Batrachian must have borne the same 
relation in magnitude to the diminutive existing frog-tribe, 
as the extinct colossal Iguanodon to the recent Monitors 
aod Iguanas. 

Claydyodon. — Several detached pointed, trenchant, re- 
curved teeth, the crowns of which are an inch long, and 

• The teeth of the recent Lepidostetis, or Stony-gar, a fish that 
imhibitB the riyerg of America, have a similar stnicture, but less com- 
plicated than in the Labyrinthodon. See " Medals of Creation/' vol. ii. 

^S51. 

t See " Medala of Creation/ vol. iv. PI. VI. fig. 3. 

t " As in the existing diversified order of Batrachia, one family 
{Perrenibranchiata) represents Fishes: — a second {Cedliadce), Ser- 
pents : — a third g^nns {Pipa), Turtles : and a fourth {Salamandra), 
Liards : — so woold the now lost Labyrinthodons have formed repre- 
leatalives of the highest order, viz. the Crocodilians."— Pro/. Owen, 
i» Brit. A890C, Hep. 1841, p. 197. 
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five lines broad at the base, have been found in the Grinsili 
sandstone. They closely agree with the teeth of the theco- 
dont reptiles of the Permian ; but Professor Owen regards 
them as generically distinct, and has named the reptile to 
which they belonged the Cladyodon,* 

12. Rhtncosaukus. — The New Red sandstone quarries 
at Grinsili, in Warwickshire, have also yielded the remains 
of a very anomalous modification of reptilian organization, 
combining the lacertian type of skull with edentulous jaws. 
The general aspect of the cranium resembles that of a bird or 
turtle; the intermaxillary bones being very long, and curving 
downward, thus imparting to the fore-part of the head the 
profile of a parrot. There are no teeth apparent in either 
jaw, and Professor Owen supposes that this reptile may 
have had its jaws encased by a bony or horny sheath, as in 
turtles. Footmarks of a small reptile, with the print of a 
hind-toe pointing backwards, occur on the surface of some 
of the slabs of sandstone in these quarries, and are, with 
much probability, conjectured to have been impressed by 
the Rhyncosaurus.f 

13. DiCTNODON. — Although the geological position of 
the strata whence the specimens were obtained is somewhat 
uncertain, yet the relation between the reptiles whose 
remains I am about to describe and that last mentioned, 
induces me to notice them in this place. The fossils in 
question were collected by Mr. Bain,:^ in a compact sand- 
stone, supposed to belong to the Triassic system, near 
Fort Beaufort in South Africa, and were sent, with many 
other blocks of stone containing bones, to the Greological 



* Report on British Fossils, Rep. for 1841, p. 166. 

f Cambridge Philosophical Transactions, vol. vii. 

t See a notice " On the Discovery of the Fossil Remains of Bidental 
and other Reptiles in South Afirica," by A. G. Bain, Esq.— 0^. Trans. 
Fol. vii., new series. 
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Soi ty.* The principal remains hitherto cleared from 
rock, belong to reptiles having a narrow cranium, with 
Is divided as in lizards, and not confluent as in turtles, 
wbicii otherwise the skull in its general appearance much 
resembles. The orbits are very large ; the jaws are eden- 
tulous, as in the Rhyncosaurus above described : but the 
upper jaw possesses a pair of long tusks implanted in 
sockets, like those of the Walrus.f These tusks are 
of so fine and dense a texture as to be almost equal in 
hardness to the canine teeth of the hyena ; the largest 
specimens are two inches in diameter. The vertebrae, as 
in most of the extinct saurians, are sub-biconcave. This 
marvellous type of reptilian structure is perfectly unique. 

The A.crosauruSy is another extraordinary fossil reptile 
from the same locality. It has thirty or forty teeth on the 
alveolar ridge; and a broad process of the malar bone 
extending downwards over the side of the lower jaw, as in 
the Glyptodon {ante, p. 171). ^ — - - 

14. ICHNOLITES, OK FoOTSTEPS ON SANDSTONE. — Some 

years since, the attention of geologists was excited by the 
discovery of supposed impressions of the footsteps of 
quadrupeds, on the surface of the New Red sandstone, at 
Corncockle Muir, in Dumfriesshire, f The imprints resemble 

* But a few of these specimens have been cleared. It is to be 
regretted that they should be thus neglected, for they probably contain 
other new and interesting fossil remains. 

t Hence the najne Diq/nodon, or hidental. See Geol. Trans, vol.vii. 
p. 53, for a report on the reptilian fossils of South Africa, by Professor 
Owen. 

t Account of the Marks of Footsteps of Animals found impressed on 
Sandstone, by the Rev. H. Duncan, D.D. Edinburgh, Trans. Royal Soc. 
vol. xi. 1828. It is to be regretted that these equivocal markings have 
received a generic and specific name {Testudo Duncani, Brit Fos. Rep.) 
The example has already been followed in America, and the over- 
burthened nomenclature of Palaeontology is threatened with another 
century of hard names, applied to mere imprints on stone, the origin 
of which is still involved in obscurity. 
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those made by the paws or pats of land-tortoises. Entire 
tracks of these imprints, indicating the slow progression of a 
four-footed animal, appear on some of the slabs. On one block 
of sandstone there were twenty-four consecutive impressions 
of feet, forming a regular track, with six distinct repeti- 
tions of the marks of each foot, the fore-feet differing from 
the hind-feet ; the appearance of five claws was discernible 
in each fore-paw. The observations on the ripple-marks 
on sandstone (ante, p. 372) render it unnecessary to explain 
the preservation of imprints of this nature. Similar 
appearances have since been observed on the sandstone in 
the Stourton quarries near Liverpool, and in several places 
in Germany : but no bones of tortoises have been dis- 
covered in these strata. 

A discovery of a like nature was made soon afterwards in 
the New Red sandstone near Hildburghausen, in Saxony. 
Numerous imprints of the feet of some large quadrupeds, 
having the fore-paws much smaller than the hinder, were 
observed on the exposed surfaces of some slabs of rippled 
sandstone : and recently, similar footsteps have been found 
in the quarries at Stourton. These imprints are on the 
face of each successive layer of stone, and on some of the 
slabs, not only are there foot-prints of various kinds of 
animals that walked over the stone when it was in the 
state of soft sand, but also the impressions of rain-drops. 
Some of the recently exposed surfaces present a blistered 
or warty appearance, being covered either with little 
hemispherical eminences, or with depressions; and these, 
upon an accurate investigation of the phenomenon, prove to 
have been the effect of rain, which fell while the surface was 
soft and impressible. On many of the slabs the forms of 
the rain-drops and of the foot-prints, appear in relief, 
being casts of the surface upon which the impressions 
were made ; while on the clay, corresponding hollows are 
apparent (Lign, 126.). 



|M. 



iCllKOLITEa; OB FOOTtTEFS OK STOKE- 



Chirotheriurrt, — The fbot-printa tire of vftrious kinds ; 
some appear to have been produced by small reptiles and 
cmstt^^eaufi ; but tbe principal markings are referable to 
■ome large quadruped, in whicb the fore-feet were much 
ftmaller than ibe binder {Lign. 125). From the supposed 
vosembbnee of these imprints to the sliape of the buiuan 
band, the name of Chirotkerium has been adopted to deaig- 
aaie the imjtnals wbicb left these enigmatical ** footsteps on 
ibc sands of Time*" Since the discoverj of the bonea of 
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Lion. 125.— Foot-marks of an unknown animal on sandstonb ; 
vrom hxldbu&ohauskn. 

1. Impressions of the hinder feet of an unknown animal (provisionally 
named Chirotherivm). 2. 2. Imprints of the fore feet of the same. 

(One-eighth the natural size.) 



gigantic Batrachians in the same strata, it has been sug- 
gested that the footmarks were produced by some of the large 
Labyrinthodons ; a conjecture highly probable, for the fore 
and hind feet of many of the frog-tribe are as dissimilar 
in size as those of the so-called Chirotherium ; but till 
the form of the feet of the extinct batrachians is known, 
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no certain conclusion can be drawn as to the origin of these 
impressions.* 

15. Obnithichnites, ob fossil footprints of bibds. — 
In the United States of North America, a group of strata, 
which from the plants (Voltzue), shells (Posidonomya Keu- 
peri)f and fishes {P(H(Bonisci\ appears to belong to the 
Triassic system, occurs in the valley of the Connecticut 
river, stretching through the states of Connecticut and 




Liov. 126. FooT-M A&K or ▲ Biped, and iMPRsssiovg of bain-dbops ; on 
Sandstone ; Massachusetts, {nat. Hze). 

Massachusetts ; and a band of siihilar deposits ranges 
beneath the Palisadoes of the Hudson, to the interior of 

• See Dr. Buckland's " Bridgewater Essay " for figures and fiirther 
details. A fine series of specimens of Chirotherium imprints are in 
the Brit. Mus. Collect. 
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Yirginia. The materials are red shale and argillaceous 
sandstone, with detached beds of conglomerate.* It is on 
the surface of the laminated argillaceous sandstones of this 
system, and principally in the valley of the Connecticut, 
that occur those mysterious characters, on which the 
sagacity and unremitting labours of Professor Hitchcock, 
have thrown so much light; but at present the nature 
of the animals by which the foot-prints were made is in- 
volved in obscurity, for not a vestige of the skeletons of the 
biped^, the lineaments of whose feet are so vividly apparent, 
have been discovered, f 

The origin assigned to these markings was for a long 
while disputed, but Professor Hitchcock's interpretation 
is now generally admitted ; though the discovery of 
bones of birds in strata of this epoch is required, before the 
question can be regarded as determined. The num- 
ber and variety of these footsteps are so considerable, that 
Professor Hitchcock considers he has sufficient data to 
warrant their arrangement in numerous genera and spe- 
cies, belonging to several families of birds.J The abun- 
dance of foot-prints on the Connecticut sandstones, is 
explained by supposing the strata to have originated 
from sediments deposited in a tidal estuary ; and that 
various kinds of birds frequented the low muddy shores, 
when the tide receded, in pursuit of worms, and other 

» Professor Henry Rogers' Address at the Meeting of the Associa- 
tion of American (Geologists, May, 1844, 

f I must refer the reader to the original work of Professor Hitdi- 
cock, " A Report on the Geology of Massachusetts ;" to Dr. Buckland's 
" Bridgewater Essay ;" to the " American Journal of Science," for many 
interesting papers, by Dr. Deane, (who first drew Professor Hitchcock's 
attention to the subject,) and other American naturalists; and to the 
"Medals of Creation," vol.iii. p. 808. 

J See " Final Report on the (Geology of Massachusetts," p. 477 ; and 
the same accomplished author's admirable little volume, " Elementary 
Geology," p. 155. 
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prey; and that their footsteps were covered with a thin 
layer of silt at each reflux of the waves. 

The following remarks of Dr. Deane will convey an idea of 
the colossal proportions of some of these imprints : — " I have 
in my possession consecutive impressions of tridactyle feet, 
which measure eighteen inches in length, by fourteen in 
breadth, between the extremities of the laterd toes. Each 
footstep will hold half a gallon of water, and the stride is 
four feet. The original bird must have been four or five 
times larger than the African Ostrich, and therefore could 
not have weighed less than 600 pounds. Every step the 
creature took sank deep, and the sub-strata bent beneath 
the enormous load. If an ox walk over stiffened clay, he 
would not sink so deeply as did this tremendous bird."* 

Mr. Lyell mentions having seen on the banks of the 
Connecticut river, (at Smith's Ferry, near Northampton, 
eleven miles from Springfield,) a space several yards square, 
where the entire surface of the shale was irregular and 
jagged, owing to the number of footsteps, not one of which 
could be traced distinctly, as when a flock of sheep have 
passed over a muddy marl ; but, on withdrawing from this 
area, the confusion gradually ceased, and the tracks became 
distinct.f 

Some fine slabs of the sandstone, covered with several 
tracks of bipeds of various sizes, collected by Dr. Deane, 
are deposited in the British Museum. A representation 
of one of the small imprints of the natural size, with the 
surface of the stone marked with hemispherical pits pro- 
duced by a shower of rain, is given in Lign, 1264 

The enormous magnitude of some of the foot-prints was 
formerly deemed an insuperable objection to the interpre- 
tation of these obscure vestiges adopted by the American 

* Boston Journal of Nat. Hist. vol. v. No. 2. 

t Travels in America, p. 254. 

X Consult "Medals," vol. ii. pp. 810— 816, for particulars. 
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nstoralists ; but the discovery of the bones of tridactyle 
birds {Mooy see ante^ p. 129), in the alluvial deposits of 
New Zealand, some of which indicate a size equal to that 
of the moat colossal of the fossil imprints, has removed 
that oljection, and shown that in comparativelj modem 
times, tilie earth was trod by birds as gigantic as lAie bipeds, 
diat strode along the sea-shores of the Triassic ocean.* 

I most not, however, dwell longer on this inviting sub- 
ject, and wOl only add, that while offering my humble 
tribute of admiration to the sagacity and patience with 
which the subject has been investigated by Professor 
Hitchcock and others, and fully admitting the dose resem- 
Uanoe of the bipedal fossil foot-prints to those of birds, 
I oonnder the following caution of Professor Owen to be 
deserving of the most serious attention : — ^ Foot-prints 
akxne, like those termed ^ Omithichnites,' are insufficient to 
support the inference of the progression of the highly deve- 
loped organization of birds of flight, by the creatures which 
have left them. The Rhyncosaur, and the biped Ptero- 
dactyles, already warn us how nearly the ornithic type may 
be approached, without the essential characters of the 
Saurian being lost; and by the Chirotherian Ichnolites, 
we learn how closely an animal, in all probability a Batra- 
chian, may resemble a pedimanous mammal in the form of 
its foot-prints."t 

16. The Permian (Magnesian Limestone) Formation. 
— The group of strata thus designated was formerly termed 

* The close resemblance of many of the American foot-marks to 
those made by recent birds is most striking. Mr. Lyell, in his charm- 
ing volumes, " Travels in North America," has placed this corre- 
spondence, I might almost say identity, in a strong point of view, by 
giving figures of recent foot-marks of the Sandpiper, on hardened red 
mud, from the Bay of Fundy ; these specimens are now in the British 
Museum for comparison with the fossil imprints. — See " Travels in 
Xorth America," vol. ii. pi. vii. 

t Brit. Assoc. Rep. 1841, p. 203. 
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the Lower New Red, or Magnesian limestone formation ; 
it comprises theZechstein and Botbliegende of the Germans^ 
and all the deposits that intervene between the lowermost 
bed of the Trias and the Carboniferous system. Like 
the upper series, it consists of marls, clays, and conglo- 
merates, more or less coloured by hydrates and oxides of 
iron, pyritous shales, gypsum, &c. It comprises strata 
of great extent and thickness, of limestone containing a 
large proportion of magnesia, and of a crystalline calcareo- 
magnesian stone, termed Dolomite.* I have already men- 
tioned that this system is paleontologically characterized 
by a peculiar type of organic remains, aniT by the absence 
of every species of fossil that occurs in the newer, or 
overlying formations ; hence the Permian is ranked as the 
last, or uppermost, of the palaeozoic class. (See Synopsis, 
p. 203.)t 

In Somersetshire, and the adjacent country around 
Bristol, beds of conglomerate, formed of the debris of 
older rocks, held together by a dolomitic cement, are 
spread unconformably over the carboniferous strata, filling 
up the irregularities and hollows of the surface of the 
mountain limestone, &c. occasioned by the dislocations and 
fractures which those rocks had sustained by disturbing 
forces, before the deposition of the Permian deposits. This 

* The granular crystaUine magnesian limestone is termed Dolo- 
mite, from M. Dolomieu, who first pointed out its mineralogical 
character. This rock has the same external aspect as granular lime- 
stone; but^ instead of being a pure carbonate of lime,.contains from 
45 to 60 per cent, of carbonate of magnesia. 

t The arrangement adopted in the text is that now generally 
received by British geologists ; at the same time it mu3t be stated, 
that very able observers limit the term " pakeozaic'* to the forma- 
tions below the carboniferous system, and rank the Permian with the 
mesozoic, or middle secondary strata. See a Paper on the " Termi- 
nation of the PalaBozoic Period/' by Dr. Dale Owen, "American Journal 
of Science," for May, 1847, voL iii. New Series, p. 866. 
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eonglomerate is made up in great part of pebUes, and fragr 
menta of mountain limestone^ millstone grit, coal-shale, and 
oCher detritus of the strata on which it reposes; and contains 
firaetnred and water-worn bones of SaurianSy teeth of fishes^ 
Aw. It is well displayed, overlying the coal strata and 
mountain limestone, near Clifton in the valley of the Avon, 
and at Portishead, and other places in the vicinity.* 

In the central part of England, and extending from 
the neighboorhood of Nottingham to the south-eastern 
extremity of Northumberland, red marls and sandstones 
form the lowermost strata of the Permian, and are regarded 
as the equivalents of the Bed'lyer or MotMiegendis of Ger* 
many ; a term applied to a group, of red sandstones and 
oooglomerates, accompanied with porphyry, and basaltic and 
amygdaloidal trap, that constitutes the base of the Permian 
of the Continent Upon these lower red sandstones are 
yellow and reddish magnesian limestones, upwards of 800 
feet in total thickness, corresponding with the Zechitem 
of Germany. 

17. Magnesiak Limestone ob Dolomite. — The mag- 
nesian limestone of England is regularly stratified, and, 
when recently exposed, has a granular or saccharine 
structure, with a glimmering lustre ; the colour is generally 
either a pale fawn, salmon, or yellow, from hydrate of iron ; 
or red, from oxide of iron. The hard varieties yield the 
best building stone in England.t In many places the 
limestone occurs in large concretional and botryoidal 
masses ; the concretions varying from the size of small peas 

* The lower part of the strata marked Trias in the section of the 
Mendips (Lign.1 18, p. 522), more properly belongs to this group ; the 
dolomitic conglomerate very generally forms the immediate covering 
of the older deposits in this part of England. 

t The New Hooses of Parliament at Westminster are being con- 
stmcted externally of magnesian limestone, from quarries at North 
Anstone in Yorkshire, and near Worksop in Nottinghamshire. 
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to that of a large cannon-ball ; and these are often grouped 
together like bunches of grapes, or masses of chain-shot. 
On the coast of Durham, the whole cliff is made up of 
large concretional clusters, resembling piles of cannon- 
balls. This phenomenon is best seen near Sunderland, 
and along the shore near Marsden and Black rocks ; where 
it is associated with other curious and interesting modifica- 
tions of concretional action.* These masses offer a beautiful 
illustration of spheroidal structure, superinduced on strati- 
fied detritus after its deposition; for the sedimentary 
lamin» pass through the globular concretions uninterrupt- 
edly. The limestone is commonly traversed by veins and 
strings of carbonate of lime, and occasionally contains 
hollow spheroids of calcareous spar, and crystals of sul- 
phate of strontian and barytes. Galena, or sulphuret of 
lead, sulphuret of zinc, calamine, and carbonate of copper, 
also occur ; and some veins of galena in the Mendip hills 
have yielded profitable returns. t 

18. Permian op Germany and Russia. — In Thurin- 
gia, in Saxony, the magnesian limestone {Zechstein) is 
largely developed, and associated with beds of dark bitu- 
minous shales and marls highly charged with copper pyrites, 
which are termed Kupfer-schiefer, These shales have 
long excited the attention of naturalists, from the number 
and variety of the fossil fishes they contain, and the 
peculiar mineralized condition in which these relics occur ; 
specimens from Eisleben in Mansfeld, a celebrated produc- 

* See an admirable memoir;" On the Oeological relation and internal 
structure of the Magnesian Limestone," by the Rev. Adam Sedgwick, 
Geol. Trans, vol. ii. p. 50. The dolomitic conglomerates around 
Bristol are ably described by Dr. Buckland and Mr. Conybeare, Ibid. 
vol. i. A valuable paper by Messrs. Murcbison and Strickland, on the 
"Upper New Red of Gloucestershire," &c. will be found, Ibid. vol. v. 
p. 831. 

t Geology of England and Wales, p 304. 
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tive locality of these ichthyolites, are to be found in almost 
every museum in Europe. These fishes, which principally 
belong to the genera Pakeonisctis and Platysomics,* are gene- 
rally in a contorted state, apparently the effect of violent 
convulsions attendant on their sudden destruction. They 
are splendidly invested with copper pyrites, and their scales 
oflen have the appearance of burnished gold. The bodies 
of the vertebraEj of the spinal column are almost always 
wanting.f The appearance of a violent death presented by 
these Ichthyolites, M. Agassiz considers as entirely decep- 
tive : and states that the bent and twisted condition of the 
body is solely attributable to muscular contractions during 
decomposition after life was extinct.^ 

In Russia, the researches of Sir R. Murchison have shown 
that the Permian system in European Russia, consists of 
strata identical with the lower group of New Red of England 
and Germany, and reposes on the carboniferous deposits ; it 
extends over an area 4,000 miles in circumference j a space 
equal to twice the surface of the kingdom of France. 

In North America, as we have already hinted, it seems 
probable that the lower deposits of the New Red may be 
round to belong to the Permian group. 

19. Fossils of the Permian System. — The fauna 
and flora of this formation are invested with peculiar 
interest, because they present us with the last term of that 
ancient type of organic life, which prevailed from the ear- 
liest periods of which we have obtained any evidence of the 
presence of living things in the waters or upon the surface 
of our planet. For the two grand revolutions in the 
organic world, as demonstrated by fossil remains, are un- 
questionably those which separated the palaeozoic ages from 
tlie secondary, and the latter from the tertiary. There 
are no less than 166 species of fossil plants and animals 

* Medals, vol. ii. p. 633. t Ibid. p. 634. 

X Kechcrches sur les Poissons FosBiles, tome ii. p. 70. 
v«>L. II. p r 
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from the Permian deposits which have been accurately deter- 
mined ; of these 148 are unknown in any other formation. 
Plants, — The plants are referable to genera common in 
the coal measures, but very rare or altogether wanting in 
the formations above the Permian ; for example, species 
of Lepidodendron, NoggerathiOy Odontopteris, &c. ; indi- 
cating a continuation of vegetable life of the same nature 
as that which prevailed during the carboniferous era. 

20. Invertebrata of the Permian. — The Eadiariay 
MoUusca^ and Articulata, are represented by the follow- 
ing genera and species : — 

Fifteen species of Corals :• Crinoidea, so abundant in the Carboni- 
ferous strata, are of excessive rarity. 

Thirty species of Brachiopodous shells, ten of which are common 
to the Carboniferous ; the other twenty are new. 

There are six species of Productua, and eight species of Spirifer ; 
both these genera appear for the last time. 

Of OrthU, one of the earliest forms of the family, and very cha- 
racteristic of the Silurian, three species. 

TerebrcUvlce with oblique and vertical septa, bearing a close 
analogy to the Pentameri of the Devonian and Silurian : nine species. 

Species of Modiola and Axinus; and of AviciUa, eight species. 
Posidonomya, a few species. 

OaMeropoda, fifteen species, of which twelve are new. 

Chiton, a few species have been found near Sunderland. 

CepJudopoda scarcely a vestige ; only doubtful specimens of Nauti- 
lus, or Cyrtoceras. 

Of the Trilobiles, which in the Carboniferous system are reduced to 
some few small species, there are no traces whatever. But there is a 
large and peculiar species of Limulus (L. oculattis) ; and this genus 
which first appears in the coal system has continued to the present 
timet 

21. Fishes of the Permian. — The fishes of this sys- 
tem comprise between forty and fifty species, belonging to 

* The Eetepora flustracea is a very abundant and characteristic 
coral of the Sunderland magnesian limestone. 

t This notice is principally taken from the Tabular list of the 
animal remains of the Permian System, in Sir R. Murchison's " Geology 
of Russia,'* vol. i. p. 221. 
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ibtt^eci or s^Tcntecn genera ; and with, but one exception, 
(tJie Palamihcm Frekhbeni of the upper coal-mea^'iurei), 
Arc peculiar* AH the ichthyoUtea of this n^roup possess 
tbAt remarkable modification of the tail, wbich we have 
ftlremly men Honed as having been of excessive rarity in the 
Sriiee of the secondary aod tertiary scaa, m well as in thoae 
ihtt inhnbit the existing ocean ; in which the Sharks and 
Sturgeon?! are almost the only represenUtives of this 
pftlAozain type. The caudal fin is universally heteroeercal, 
I. €, the vertebral column is prolonged at it^ extremity into 
tJie uppeL* lobe of the tail* 

Ganoid fishes of the genera Palmonwcnsyi and Platy- 
mmus ; Ceafrfit'iijn^,'^ HifhodonU ; and a rtmtirkable form 
of those extraordinary fishes, the Chimeroidj^i, named 
CertKodiHi;% constitute the principal features of the Per- 
mian ichthyic fftuna. Species of the two first genera have 
been found in abundance in various localities in England, 
on the Continent, and in North America, and are %ured 
and described by various authors. || Their remains are the 
only n'lir.^ ^if vntrhrEiied animals bitlitirto discovered in 
the sandstones impressed with the footsteps previously 
examined.if 

• See Lignograph of the restored figure of the Amblyptenis of the 
Carboniferous system ; in which a marks the prolongation of the ver- 
tebral column into the upper lobe of the caudal fin : this fish is a good 
illustration of the Jieterocerccd type ; and the Lepidotua of the Wealden, 
{Lign. 99, p. 408,) affords an example of the JuymocerccU, or equaMobed 
taU. 

t Medals, vol. ii. p. 633. 

♦ Medals, vol. ii. p. 613. 

§ Medals, vol. ii. p. 618. The teeth or dental plates of several 
species of Ceratodus, occur in the New Red of Germany, especially at 
liohneck near LudwigB])urg. 

Ii Profes-sor Sedgwick's memoir is accompanied by numerous 
figures of Palaeonisci. — Oeol. Trans, vol. iii. pi. 1 2. 

U The chanicters of the Ichthyology of the New Red are thus 
expressed by M. Agassiz, ' Les formations triassiques et le Zechstein 
rp 2 
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22. Reptiles of the Permian. — The earliest certain in- 
dications of the existence of reptiles on our globe, have been 
obtained from the deposits of the Permian system ; for no 
teeth or bones of any animals of a higher order than fishes, 
have been discovered in any of the more ancient formations. 
Impressions of the footsteps of quadrupeds have however re- 
cently been observed on limestones of the carboniferous epoch 
in North America ; and during the present year, the skele- 
ton of a saurian, four feet long, is said to have been found in 
strata of the same age in Germany.* It is therefore pro- 
bable, that we shall ere long, obtain proofs that cold-blooded 
quadrupeds were coeval with the luxuriant flora of the coal. 

In the Zechstein of Thuringia, and in the Dolomitic con- 
glomerate of Somersetshire, the remains of several genera 
of large thecodontf lizards have been discovered. 

Thecodontosaurus and Pal(Bosau7*us, — These British fos- 
sils were obtained from Redland, near Bristol, and are pre- 
served in the museum of that city ; they consist of jaws, 
teeth, vertebrae, and bones of the extremities, referable to 
two genera of saurians, named as above by Dr. Riley and 

forment un groupe des plus remarquables par sa &.une ichthyologique, 
Des Chimeridea de forme 6trange, les CercUodus, et les Nhnacanthea 
sont nombreux : des Cestraciontes appartenant aux genres Dictcea, 
Janassa, Acrodtbs, et StropTiodus, et des Hyhodontes, sont ^ cette 
epoque les representans de I'ordre des Placoides. Parmi les Ganoides 
on distingue des L^pidoides des genres Platysomus, Gyrolepis, et 
Palseoniscus ; des Sauroides des genres Acrolepis, Pygopterus, et 
Saurichthys, des C61acanthes et des Pyenodontes, parmi lesqnels les 
genres Placodus et Colobodus sont surtout caracteristiqucs pour le 
Muschelkalk." — Becherches aur les Poissona Foaailea, tome i. p. xxix. 

* Mr. Lyell has shown me a slab of stone from the middle of the 
coal strata of Pennsylvania, on which there are decided footprints of a 
quadruped, apparently of the Batrachian order. See "American 
Journal of Science," vol. ii. new series, p. 26. Footmarks of this kind 
were first discovered and described by Dr. A. T. King of Qreensburg ; 
see Op. cit. vol. i. p. 268. 

+ Thecodont ; i. e. having the teeth implanted in distinct sockets, 
like the crocodile. 
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. Stutcbbury, by whom they were first made known.* 
e teeth are pointed, compressed laterally, trenchint, and 
■lely serrated on the edges. These reptiles, in their tlieco- 
at type of dentition, biconcave vertebrae, double-headed 
)s, and proportionate size of the bones of tlie extremities, 
are nearly related to the Teleosaurus of the Oolite (ante^ 
p. 531) : but combine a lacertian form of tooth, and struc- 
ture of the pectoral arch, with these crocodilian characters : 
and the bodies of the vertebrae have a series of ventricofe 
excavations for the spinal chord, instead of a cylindrical 
canaLf The reptile found in the Zechstein, and termed the 
Thuringian monitor (Protorosaurus), appears to be related 
to the thecodont saurians of Bristol. The spinous pro- 
cesses of the dorsal vertebrae are described as remarkably 
high, and the caudal vertebrae are characterized by double 
diverging spinous processes.} 

Rhopalodon. — A fragment of a jaw with teeth, and a few 
detached teeth, of a thecodont reptile, apparently related to 
the Bristol saurians, are, I believe, tlie only reptilian remains 
hitherto obtained from the Permian deposits of Russia. 
They are figured and described by M. Fischer under the 
name of Rhopalodon. § 

From what has been advanced respecting the fossils 
hitherto found in the Permian formation, it appears, that 
while specifically the organic remains are distinct from 
those of the contiguous upper and lower systems, yet they 
present a closer relation to the ancient types, than to the 
forms which predominate in the upper and newer deposits. 
23. Reptiles. — As with the Permian deposits, the 
multitude of reptilian forms with which we have been 
surrounded in our progress through the faunas of the 

. * Geological Transactions, vol. v. 

t Ibid. vol. V. pi. xxix. figs. 6, 7. J Professor Owen. 

§ Sur le Rhopalodon, genre de Saurien Fossile, du Versant Occi- 
dental de rOural; par G. Fischer de Waldheim. Moscou, 1841. 
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secondary epochs disappears, I will here oflPer a few 
general observations on this class of animals, that the 
unscientific inquirer may be enabled to comprehend the 
inferences that arise from the facts that have been submitted 
to his notice.* 

All animals possess organs by which a certain change is 
effected in the circulating fluid, to refit it for the purposes 
of nutrition. Mammalia, birds, and reptiles, are furnished 
with an apparatus of cellular tissue, termed lungs, by which 
a large surface of the blood is brought in contact with the 
air ; in aquatic vertebrata this apparatus is the gills, which 
are organs fringed with innumerable processes, supplied 
by myriads of vessels, disposed like net-work, by which the 
blood is exposed to the action of aerated water, oxygen ab- 
sorbed, and vitality maintained. In Reptiles, the respiratory 
organs are less developed than in any of the other verte- 
brated animals, but they all possess lungs, and are capable 
of breathing air : and some have gills, and perform 
aquatic respiration. The heart, which is generally three- 
chambered, is so disposed, that at each contraction only a 
portion of the volume of blood is sent to the lungs ; hence 
the action of oxygen on the circulating fluid is in a less 
degree than in any of the mammalia, birds, or fishes. As 
animal heat, the susceptibility of the muscles to nervous 
influence, and even the nature of the skin, are dependent on 
respiration, the temperature of Reptiles is low, and their 
muscular powers are, on the whole, very inferior to those of 
Birds orManmialia ; requiring no integuments, as hair, wool, 
or feathers, to preserve their temperature, they are merely 
covered with scales, or have a naked skin. As they can 
suspend respiration without arresting the course of the 

* See my " Medals of Creation," vol. ii. chap. xvil. ; where the subject 
is so fiiUy considered that a brief notice only is here necessary. For a 
comprehensive and philosophical view of this department of Palaeon- 
tology, the English reader should study the memoirs of Prof. Owen, in 
^t Association Reports, 1840, 1841. 
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blood, they dive with facility, and remain under water for a 
long period without inconvenience. Some are viviparous, 
others are oviparous, laying their eggs, which they never 
hatch, on the sands or banks. They present great diversity 
of form ; some are extremely elegant, others grotesque and 
hideous, and many have dermal processes of the most 
fantastic shapes. Their habits are exceedingly variable ; 
some are agile, others torpid ; all hibernate, or rather 
relapse periodically into a state of dormwicy, whether pro- 
duced by cold, drought, or excessive moisture. Their 
peculiar structure enables them to endure long abstinence, 
to an extent impossible to other races of animals. Their 
seasonal habits, or, in other words, alternate periods of 
activity and repose, are in accordance with the sudden 
evolutions of the seasons ; they are dormant when nature 
does not ueed their agency, and rouse into activity when 
required to repress the redundancy of those vegetables or 
animals which constitute their food ; a property strikingly 
manifest in the species of hot climates ; thus exhibiting an 
admirable adaptation to the peculiar conditions of existence 
which they are destined to fulfil. Some are herbivorous, 
others carnivorous, and many prey on insects ; their powers 
of progression are as various ; some orders, though destitute 
of fins, wings, or feet, bound along the ground with great 
^ility ;* others walk or swim ; while a few are capable of 
flight.t 

24. Turtles, or Chelonlajt Reptiles. — In Turtles the 
want of active faculties is compensated by their passive 
means of resistance. They have no weapons of offence, but 
are enclosed in a panoply of armour formed by the expan- 
sion of the ribs above, and by the bones of the chest beneath. 
The carapace, or buckler, constituting the shell that spreads 
over the back of the turtle, is composed of the ribs, which, 
instead of being separated by intervals, as in other animals, 

* The Serpents. f The Draco volane, or Flying Dragon. 
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are spread out and united together. Thus in the delicate 
and agile form of the Serpent, and in the heavy and torpid 
mass of the Turtle, the same general principle of structure 
prevails, and by a simple modification, the skeleton is 
adapted for beings of very dissimilar forms and habits. The 
Tesludinata, or turtles, like the other large reptiles, are 
essentially confined to torrid and temperate regions. The 
fresh-water species are capable of bearing a higher lati- 
tude than the terrestrial : upon the whole the utmost range 
of this order appears to be from 54° N. lat. to about 
40° S. lat.* The fluviatile species, or Emydes, are carnivo- 
rous, feeding on frogs and small animals ; those of the genus 
Trionyx {three claws) are African or Asiatic; with the 
exception of the Trionyx ferox, which inhabits the hot 
regions of America. They live upon food which is found 
at the bottoms of rivers ; in the stomachs of several pro- 
cured from the Ganges, by Col. Sykes, were large quantities 
of mussels, the shells of which were broken into small 
angular fragments. I have fossil bones of a Trionyx 
{T, JBakewelli) from Tilgate Forest, imbedded in a mass of 
mussel shells ; a collocation which might be expected in a 
fluviatile deposit. The form of the ribs and other parts of 
the skeleton, differs in the land, river, and marine Turtles, 
so that the fossil bones can, for the most part, be readily 
referred to the respective groups. 

Fossil Turtles,— The earliest indications of the existence 
of reptiles on the surface of our planet were supposed to be 
those of Chelonians ; the imprints of the feet or pats 
apparently of a land tortoise, occurring on slabs of Triassic 
sandstone in Dumfriesshire {anfe, p. 555) ; but recent dis- 
coveries afford glimpses of a more ancient race of batrachians, 
and of lizards, even as low down in the geological scale 

* On the Testudinata, by Thomas Bell, Esq. 1 vol. folio ; one of the 
most splendid works on Natural History that has appeared in this 
country. 
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as the Carboniferous system. Throughout the Oolitic, 
Wealden, and Cretaceous epochs, terrestrial ?, [marine, and 
fresh- water Chelonians abounded. From the most ancient 
Tertiary to the present time, the three groups of this order 
of reptiles have flourished. Their remains are associated 
with those of the Sivatherium, &c. in the Sub-Himalajahs, 
of the Mastodons in the Burmese empire, of Palaeotheria 
in the Paris and London basins, and with fruits and 
tropical plants in the Isle of Sheppey : their bones and 
^gs are daily imbedded in the recent conglomerates of 
the Isle of Ascension. The remains of living species of 
Indian land tortoises are collocated with the bones of the 
most ancient extinct eocene mammalia in the Sewalik 
hiUs.* 

25, Crocodiles. — This family of loricated or mailed 
saurian reptiles, contains the only living types that at all 
approach in magnitude the colossal forms of the secondary 
epochs. The Egyptian Alligator, as is well known, attains 
a large size ; and the long and slender-beaked crocodilian 
reptile of India, the Gavial of the Ganges, sometimes reaches 
a length of nearly thirty feet. The peculiar character of 
the teeth of these animals, and their mode of increase and 
renovation, have already been pointed out (antey p. 414). 
The vertebrae, or bones of the back, are concavo-convex ; 
t. e. united to each other by a ball and socket joint, the con- 
vexity being behind. Some of the fossil crocodiles of the 
tertiary also have this structure of the spinal column ; but 
in every crocodilian of the secondary formations, the articu- 
lating surfaces of the vertebrae are either flat or concave ; 
except in one genus {Streptospondylus, ante, p. 414 f), in 
which the vertebrae are convexo-concave, i, e. the con- 
vexity is directed forwards ; a position the reverse of the 
ordinary type.J: Reptiles of the crocodilian order, but be- 
longing to several extinct genera, swarmed throughout the 

* Dr. Falconer and Major Cautley. f Medals, p. 725. % Ihid. p. 718. 
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whole of the secondary and earlier tertiary epochs. As 
the living crocodilians frequent fresh water, the remains of 
animals of tins type indicate the existence of countries 
watered by streams and rivers, or abounding in lakes : but 
the modification of the spinal column, so prevalent in the 
ancient forms, may, perliaps, be referable to a marine, rather 
than to a terrestrial condition, in some of these extinct saurians. 
26. Enalio-saurians, or marine Lizards.* — Ichthyo- 
saurus {Fish'like Lizard). — In tlie Lias of the west of 
England, teeth, vertebrae, and other parts of the skeletons of 
reptiles, which were supposed to be related to the Crocodiles, 
had for many years excited attention ; but until 1814, when 
a considerable collection, from Dorsetshire, formed by Mary 
Anning, was sold in London, no accurate investigation of 
these interesting relics had been attempted, f Subsequently 
a great number of skeletons Iiave been found, numerous 
memoirs published, and the form and structure of the 
originals thoroughly investigated. Many beautiful speci- 
mens are figured and described in the splendid work of Mr. 
Hawkins, whose unrivalled collection of these remains is 
now deposited in the British Museum. | The bones of 
reptiles so abundant in the Lias are chiefly referable to two 
genera ; the one called Ichthyosaui'V.s (by IMr. Konig), to 
denote its relation to fishes and reptiles ; the other, Plesio- 
saurus (so named by Mr. Conybeare), to indicate its nearer 
approach to the Lizards, or Saurians^ than the animals of 
the other genus. 

The Ichthyosaurus had the beak of a porpoise, the teeth 
of a crocodile, the head and sternum of a lizard, the paddles 
of a cetacean, and the vertebrae of a fish. Tliis restoration 
{Lign. 127) shows its general configuration, as demonstra- 

* Medals, p. 708. 

t See No. L of the "London Geological and Palseontological 
Journal," for an acconnt of the sale of this collection. 

X Memoirs of Ichthyosauri and Plesiosauri ; by Thomas Hawkins, 
Esq. F.G.S. Folio, with 28 Plates. 
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ble from tlie skeleton : but, from the peculiarity of the 
terminal vertebra of the tail, Prof. Owen concludes that 
the original had a strong vertical caudal fin.* There are 
many species, some of whicli are of a magnitude equal to 
that of young whales. The teeth are conical, sharp, and 
striatetl, resembling those of crocodiles in the power of 
reproduction, but differing in the number, situation, and 




LiGN. 127.— Restored figure op the Ichthyosaurus. 

{From Mr. Hawkiiu.) 

mode of regeneration ; one species has 110 in the upper, 
and 100 in the lower jaw ; they are iu:ranged in a deep 
furrow or groove, not in sockets, and were retained only by 
the integuments. The orbit is very large, and the sclerotic, 
or outer coat of the eye, is made up of thin bony plates, 
arranged round the central opening or pupil, as in the owl 
and other birds ; a meclianisni by which the power of the 
eye is materially increased, and vision adapted to near or 
remote objects at will. The bones forming the sternum, 
or chest, which protect tlie organs of respiration, are strong 
and largely developed, and the sternal arch offers a remark- 
able correspondence with that of the Ornithorhyncus, 
of Australia. 

Like turtles, the Ichthyosaurus had four paddles, composed 
of numerous bones enveloped in one fold of integument, so 
as to form an entire fin, as in tlie cetacea ;t the fore-paddles 

» Medals, p. 712. 

f The soft integuments of the paddle are occasionally preserved : 
See the figure of a beautiful example from Barrow-on-Loar, '* Medals of 
Creation," p. 713. 
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are large, and in some species consist of one hundred 
bones ; the hinder pats are smaller, and contain but thirty 
or forty {Lign, 128). The internal structure of these instru- 
ments therefore resembles that of the paws of turtles ; and (as 
is even the case in the fin of the Porpoise) the same elements 
of an arm are found as in the mammalia, viz. a humerus, 
radius, ulna, and phalanges. The nostrils, which in Croco- 

1. 




Lign. 128. -Paddles of the Ichthtosaurub and Plesiosaurus, in lias 

SHALE, FROM LyME RegIS. 

Fig. I. Left fore-paddle of the Ichthyosaurus. 
Fig. 2. Left fore-paddle of the Plesiosaurus. 

{One eighth the natural size.) 

diles are situated at the extremity of the beak or muzzle, 
are placed, as in the cetacea, beneath the orbits. The 
vertebrae are hour-glass shaped, like those of the sharks and 
other fishes ; the spinal column, therefore, admitted of the 
utmost freedom of motion ; while in the neck, the vertebrae 
connecting the head to the spine column are anchylosed. 
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and have supplementary bones to increase the strength, and 
diminish motion.* The general figure of the Ichthyosaurus 
must have been that of a Grampus or Porpoise, with four 
large paddles. The teeth prove it to have been carnivorous ; 
the paddles, that it was aquatic ; the scales, bones, and 
other remains of marine fishes, constantly found in the 
abdominal cavities of the skeletons, and in the coprolites,t 
that it was an inhabitant of the sea. Its skin appears to have 
been naked, or at least destitute of scales.^ 

27. ThePlesiosaurus.§ — The discovery of a remarkable 
specimen, by Miss Anning, enabled Mr. Conybeare at once 
to establish the characters of that extraordinary extinct 




LiGN. 129. — Restorf.d pigure of the Plesiosaurus. 
{From Mr. Hawkins.) 

marine reptile, the Plesiosaurus, which differs from the 
Ichthyosaurus in the extreme smallness of the head, enor- 

* Memoir on a Peculiarity of Structure in the Neck of the Ichthyo- 
saurus, by Sir P. M. de Grey Egerton, Bart. 

+ The Coprolites, or fossil excrements of Ichthyosauri (the true 
nature of which was first ascertained by the sagacity of the Dean of 
"Westminster) are found in profusion in the clays and marlstones of the 
Lias ; often occupying the abdominal cavity of the skeleton (see Dr. 
Buckland's Bridg. Essay, p. 190) ; and the state of preservation of these 
hezoar-stoneSf as they are commonly called, is such, as to show not only 
the nature of the food of these reptiles, but also the dimensions, form, 
and structure of the stomach and intestinal canal. The coprolites of 
the fishes of the chalk often afford like indications. See " Medals of 
Creation," p. 65^. 

X The Epidermis, or scarf-skin, and the Corium, or true skin, occur 
inafossU state. — Dr. Buckland's Bridgewater Essay, Plate 10, fig. A. 1, 
2, 3, 4. Ibid. PI. 16, contains figures of coprolites. 

§ Medals of Creation, p. 714. 
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mous length of tlie neck, and other osteological peculiarities.* 
The neck, which in most animals is composed of five verte- 
brae, and in the extreme recent example, the Swau, does not 
exceed twenty-four, consists of from twenty to forty ; and 
its length is equal to that of the entire body and tail. This 
reptile combines in its structure the head of a lizard, 
with teeth implanted in sockets like the crocodile ; a neck 
resembling the body of a serpent ; a trunk and tail of the 
proportions of those of a quadruped ; with paddles like the 
turtle. The vertebrae are longer and less concave than 
in the Ichthyosaurus, and the ribs, being connected by trans- 
verse abdominal processes, present a close analogy to those 
of the Chameleon. 

The collection of Mr. Hawkins, now in the British 
Museum, contains a skeleton eleven feet long, and so nearly 
perfect, that the entire form of the original creature may be 
completely restored. 'Mi. Conybeare compares the Plesio- 
saurus to a turtle stripped of its shell, and thinks it probable, 
from its long neck presenting considerable impediment to 
rapid progress in the water, that it frequented the coast, and 
lurked among the weeds in shallow water. As it is evident 
that it must have required frequent respiration, it probably 
swam on or near the surface, and darted down upon the 
small fishes on which it preyed. 

Ichthyosauri and Plesiosauri have been found throughout 
the secondary strata, from the Lias to the Chalk inclusive ; 
Lyme Regis is the most celebrated locality in England, 
but the remains of numerous species of both genera have 
been discovered in many places in this country, and on the 
Continent, in the Oolite and Lias. The British species of 
the Enalio-sauri known and described by Professor Owen, 
amount to ten or twelve of the Ichthyosaurus, and nearly 
twenty of the Plesiosaurus.f Their remains have been 

* In the sternum of the Plesiosaurus the coracoid bones have their 
greatest development. 

t British Assoc. Reports for 1839, p. 126. 
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found in all the deposits, from the Lias to the Chalk in- 
clusive ; with the exception <>f the Wealden, in which no 
traces of Ichthyosauri, have been discovered. 

28. Pterodactyles, or Flying Reptiles.* — In this 
rapid sketch, it will not be necessary to dwell on the first 
appearance, and subsequent great develojunent of the Lacer- 




LiGN. 130.— Skeleton op a Flying Reptile; from Solenhopen. 
{Pterodactylus cras$irostris, Goldfuss. One-third the natural size. ) 



tian tribes, through the periods embraced in this retrospective 
view, as we have already noticed at considerable length the 
principal extinct saurians whose remains have been dis- 
interred from the secondary rocks. I pass, therefore, to the 

• Pterodactyles, i.e. Wing-fingered. — See "Medals of Creation," p. 762. - 
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Pterodactyles, or Flying-lizards of the ancient world, which, 
unquestionably, present the most extraordinary modification 
of reptilian organization which the researches of the palae- 
ontologist have brought to light. With a head and length of 
neck resembling those of a bird, the wings of a bat, and the 
body and tail of an ordinary mammalian, these creatures 
present an anomaly of structure as unlike their fossil con- 
temporaries, as is the duck-billed Plat3rpus, or Ornitho- 
rhyncus of Australia, to existing animals. The skull is 
small, with very long beaks, which are furnished with 
upwards of sixty sharp-pointed teeth ; the size of the 
orbit denotes a large eye, and it is therefore probable that 
these creatures, like other Insectivora, were nocturnal. 
The forefinger is immensely elongated for the support 
of a membraneous expansion, as in the Bat ; impressions 
of this membrane are seen in some specimens {Lign. 
130).* The fingers terminate in long hooks, like the 
curved claws of the Bat. The size and form of the foot, leg, 
and thigh, show that the Pterodactyles were capable of perch- 
ing on trees, and of standing firmly on the ground, where, 
with their wings folded, they might walk or hop like a bird.t 
Sixteen species of these extraordinary creatures have 
been discovered, and these vary in size from that of a Snipe 
to a Cormorant. Of these, twelve have been found in the 
lithographic stone at Solenhofen, where the bones of Ptero- 
dactyles are associated with the remains of Dragon-flies 4 
in the Stonesfield Slate they are collocated with the elytra, 

* The wing of the bat is not merely an instrument for flight, but its 
structure is so exquisite, and the web so abundantly furnished with 
nerves^ that the organ seems to possess a peculiar sensation, by which 
the creature, although moving with the utmost rapidity, is enabled to 
avoid objects in its flight. 

t See Dr. Buckland's Bridgewater Essay. Mr. Martin has introduced 
a restored figure of a Pterodactyle in the foreground of the Frontispiece 
of Vol. I. of this work. 

X Groldfuss. 
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or wlng-casei^ of beetles ; in the Lias, Uit* reniaioa of a species 
of the size of a Raven, were discovered by Miss Anning.* 

Numerous thin delicate bones, evidently belonging to 
Pterodactylesj (lave been fotind in the Weiilden, and prove 
that eome species of tliese extraordinary creatures inhabited 
the country of the Iguanodon. In the Chalk of Keut^ the 
mastiilftry bones, with teeth in both jaws, portions of a 
coracoid l>oiie, several digital bones, and part of the arm- 
bone, of a large Pterodactyle, have been obtained by Mr, 
Bowerbank. From a comparison of these relics with the 
specimen of P, cif'assiro^trij! {Lujn. 130), the Kentish species 
appears to have been much larger, and it is estimated that 
its expanded wings would be six feet wide ; it has, therefore, 
been named F. giganfem*f Among existing reptiles, the 
diminutive Draco vohtm is the only known species capable 
of flight. 

29, Ophidians {HmyenU) and Batraciuaks {Frog- 
trt^). — There are no vestiges in the secondary formations of 
the Opbidians, or reptiles destitute of feet or any extremities 
for progressive motion ; but in the tertiaryj bone;^ of a few 
species of large serpents, allied to the Boae and Pythons, 
have been discovered. These fossils were obtained from 
the Red Crag, at Kyson, in Suffolk, and from the London 
Clay of the Isle of Sheppey, and Bracklesham Bay.J 
From the size of the vertebrae, Professor Owen ascertained 
that some of these serpents must have exceeded twenty 
feet in length. " Serpents of such dimensions," he observes, 
" exist in the present day only in warm or tropical regions : 
and their food is by no means restricted to animals of the 
cold-blooded classes ; living birds and quadrupeds constitute 
the favourite food of the Pythons and Boae of similar dimen- 
sions, which are exhibited in our menageries."§ 

» Geological Transactions, vol. iii. page 220. This specimen is now 
in the British Museum. f Geol. Journal, vol. ii. pi. 1. 

X Medals of Creation, p. 780. § Geol. Trans, vol. vi. p. 209. 

VOL. II. Q Q 
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Batrachians. — The reptiles termed Batrachians, (from 
the Greek name for Frog,) are characterized by the remark- 
able metamorphoses which they undergo, in the progress of 
their development from youth to maturity. Their organs 
of aerial respiration consist of a pair of lungs ; but in 
their young and aquatic state, they are provided with gills, 
supported on cartilaginous arches as in fishes. The early 
existence of colossal reptiles of this order, has already been 
shown in the Labyrinthodons of the Triassic system (antCy 
p. 550). In the pliocene and miocene tertiary strata, the 
skeletons, imprints of the footsteps, and even vestiges of the 
soft parts of several species of Frog, Toad, and Triton, have 
been found.* In the papi^rhohle of the lignites of the 
Rhine, several kinds, apparently of existing species, are met 
with. In the neighbourhood of Bombay, small batracholites 
have lately been found, in a black shale, apparently of a 
recent date.f 

But the most celebrated fossil of this class of the tertiary 
deposits, is a gigantic Salamander, three feet in length, ob- 
tained more than a century since, from the lacustrine lime- 
stone of CEningen, in the same quarry which yielded the 
fossil Fox previously described {dntCf p. 263). The first 
discovered specimen of this fossil batrachian (Lign. 131) 
acquired great celebrity, from an eminent physician of his 
day, Scheuchzer, having, under some extraordinary delusion, 
regarded it as a petrified human skeleton, and described it 
under the name of " Homo Diluvii Testu/^ as being " the 
moiety, or nearly so, of the skeleton of a man, with the 
bones and flesh incorporated in the stone, and a relic of that 
accursed race which was overwhelmed by the Deluge. "J 

Cuvier, when at Haarlem, in 1811, examined this 
specimen, and ascertained it to be the skeleton of an extinct 

* The ordinary Newt {Triton) is an example of this family. 

t Geol. Journal, vol. iii. p. 224. 

X Philos. Trans, for 1726, vol. xxxiv. 
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species of aquatic Salamander ; he cleared away the stone 
and exposed the four legs, and the jaws, beset with teeth.* 
There are some fine remains of the CEningen Salamander 
in the collection of the British Museum. 




LiGK. 131.-~FossiL Salamander of (Enimoen. 
(" Homo Diluvii Testis'* of Scheuchzer. Four and a half feet in length.) 

30. Review op the age op Reptiles. — From this 
examination of the organic remains of the Secondary For- 
mations we obtain the following results: — that the seas, 
lakes, and rivers, during these geological epochs, swarmed 
with "reptiles, fishes, moUusca, Crustacea, radiaria, poly- 
paria, and other zoophytes ; all of extinct species, and 
presenting as a whole a greater discrepancy with existing 
forms than those of the Tertiary; the most remarkable 
feature being the absence of Cetacea, and the presence of 
several genera of marine Reptiles. 

On the land we find no analogy to the terrestrial inha- 
bitants belonging to the tertiary or present eras : throughout 
the vast accumulations of the spoils of the ancient Islands 
and Continents, although the remains of crocodiles, fresh- 
water turtles, insects, and terrestrial plants abound, a few 



» An admirable account of this fossil is given in 
Fossiles," tome v. p. 431. 
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jaws of very small animals are the sole indications of the 
existence of Manmaalia, and the bones of a species of 
Wader, the only evidence of the presence of Birds. In 
vain we seek for the relics of Man, or the remains of works 
of art — for the skeletons of the Mastodon or the Mammoth 
—of the Palaeotheria, or other mammalia that were their 
contemporaries; the osseous remains of terrestrial and 
fluviatile Reptiles alone appear. In the emphatic lan- 
guage of Cuvier, ^'Nous remontons d un autre dge du 
monde — d cet dge oil la terre rCetait encore parcourue que 
par des reptiles d sang froid — ou la mer abonduit en am- 
monites, en belemnites, en terebratules, en encrinites, et ou 
tons ces genres, aujourd^kui d'une r arete prodigieuse, 
faisaient lefond de sa populations^* 

The earliest indications of air-breathing vertebrate ani- 
mals are the reptiles, and the supposed imprints of their 
footsteps, of the Permian system. In the succeeding epoch, 
the Trias, colossal batrachians appear ; and on the sands of 
that ancient ocean are found the foot-tracks of bipeds which 
seem to point to a higher class, that of birds, for their 
origin. In the following periods, embracing the deposition 
of the Lias, Oolite, Wealden, and Chalk, swarms of rep- 
tiles belonging to numerous genera every where prevail ; 
species fitted to live in the air, on the land, in lakes and 
rivers, and in the seas, — ^yet not one identical with any 
existing form. These gradually decline as we approach 
the close of the secondary, and are succeeded in the ter- 
tiary, by as varied modifications of the higher animals, — the 
mammalia and birds. Thus, the faunas of the vast periods 
that intervened between the tertiary and palaeozoic ages, 
present the following numerical relations in the three 
higher classes of the vertebrata :f — 

* " Ossemens Fossiles," tome v. p. 10. 

f This list of fossil reptiles is merely approximative ; the number 
of genera and species is greater than here g^ven. 
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( Two genera of very small land animals (ante. 
Mammalia . . .| p ^^^^ 

One species, indicated by a few mutilated bones 
in the Wealden {ante, p. 440). 

Many species, inferred from footprints on sand- 
stone of the Triassic period {ante, p. 656) 11 

Marine; — Ten genera, including above fifty-two 

Rbptilbs I ^P^^^®«- 

Terrestrial and ^^Mvia^i/e;— Twenty-four genera, 

comprising between forty and fifty species. 

Flying ;— One genus, containing sixteen species. 

Here, then, the classes Mammalia and Aves, which con- 
stitute the essential features of the existing terrestrial faunas 
of almost all countries, are represented through a period of 
time of incalculable duration, by two diminutive qua- 
drupeds, and by uncertain vestiges of one genus of birds, 
and problematical foot-prints of bipeds on the rocks ; while 
every where, bones, teeth, and entire skeletons of rep- 
tilian forms, adapted for aerial, terrestrial, and aquatic 
existence, afford unequivocal proofs that the air, the land, 
and the waters, were tenanted by cold-blooded vertebrate 
animals. In the succeeding tertiary ages, the fossil remains 
of reptiles belong to species of existing types, and are asso- 
ciated with those of mammiferous quadrupeds ; thus, in 
the eocene strata of the Himalayahs, bones of living species 
of gaviaJs and tortoises are imbedded with the skeletons 
of elephants, horses, and deer. 

Now, if we admit to the utmost extent, the effect of 
causes that may be supposed to have operated to the exclu- 
sion of the remains of mammalia from the secondary for- 
mations, still the overwhelming preponderance of the reptile 
tribes, both on the land and in the waters, is most striking. 
And here we may inquire whether this remarkable pheno- 
menon warrants the hypothesis which some eminent geolo- 
gists have advanced, namely, that during the periods 
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antecedent to the eocene, the earth was not adapted for 
^ the existence of mammalia ? — ^that it was in a state of 
turbulence and convulsion, which colossal reptile forms 
were alone calculated to endure ; that it was a half-finished 
planet, unsuitable for warm-blooded animals, and that its 
atmosphere was incapable of supporting the higher types 
of animal organization ? The probability that birds existed 
in the country of the Iguanodon — ^the certainty that mar- 
supial and insectivorous mammals were the contemporaries 
of the Megalosaurus and Pterodactyles — ^that trees and 
plants, of genera which now grow in regions abounding in 
birds, and warm-blooded quadrupeds, flourished throughout 
the " Age of Reptiles," are facts which appear to me fatal 
to such a hypothesis, and to prove that the general tem- 
perature of the earth, and the physical constitution of the 
sea, and the atmosphere, were not essentially different from 
those which now prevail. That the class of reptiles was 
developed throughout the periods embraced in this review, 
to an extent far beyond what has since taken place, cannot, 
I conceive, by any legitimate process of reasoning be dis- 
puted ; but I do not think that in the present state of our 
knowledge, any satisfactory explanation of this extraor- 
dinary fact can be offered. 

31. Objections considered. — There are persons who, 
with one of the Bridgewater essayists (Mr. Kirby*), 

• Seventh Bridgewater Essay. In 1831, I transmitted a popular 
summary of the evidence bearing on this highly interesting question, 
with the title of " The Age of Reptiles," to Professor Jamieson, who 
published it in the " Edinburgh Philosophical Journal." This un- 
pretending paper brought upon me an attack by the Rev. J. Kirby, in 
his " Bridgewater Essay ;" in which the reverend author supposes that 
there is a subterraneous world of reptiles, in which the Iguanodon 
still flourishes ! ! and the occurrence of a vertebra of the Ichthy- 
osaurus in diluvial gravel, is affirmed to be a proof of the modem 
existence of that reptile ! ! ! As Dr. Buckland's Essay follows that of 
Mr. Kirby, the reader has the bane and antidote both before him, and 
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oppose these conclusions, and have recourse to the most 
strange ccmceits to account for the phenomena on which 
they are founded. But it is for those who refuse their 
assent to deductions made with the greatest caution, and 
derived from an overwhelming mass of evidence, to explain 
the entire absence of aU traces, not only of Man, but of the 
whole existing species of animals and vegetables, in the 
ancient deposits; while there is not a river, or stream, 
which, does not daily imbed the remains of the present 
inhabitants of the globe. But however future discoveries 
may modify this hypothesis, they cannot invalidate the fact, 
that there is no country on the face of the earth with such 
an assemblage of animal life, as that possessed by the 
regions whence the delta of the Wealden was derived ; no- 
where is there an island or a continent inhabited by colossal 
reptiles only, or where reptiles usurp the place of the large 
manomalia. We have seen that this feature in the zoology 
of that remote period was not confined to the country of 
the Iguanodon ; in every part of the world where geological 
researches have extended, this wonderful phenomenon 
appears — the absence of mammiferous animals. The bones 
of reptiles of enormous size, are the only animal remains 
that occur in any considerable number. It is, therefore, 
manifest, that there was a period when oviparous qua- 
drupeds of appalling magnitude, were the chief possessors 
of the lands, of which any traces remain in the strata that 
are accessible to human observation. I do not, however, 
mean to aver, that reptiles, and reptiles only, were the 
occupiers of every Island and Continent ; but that it ap- 
pears from the most irrefragable testimony, that the reptile 
tribes, during the secondary periods, were developed to an 
extent of which the present state of animated nature aflPords 

I should on this occasion have passed over the uiyust strictures of 
Mr. Kirby in silence, had they not heen repeated in a late edition of 
the " Bridgewater Essays." 
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no example. It must be acknowledged that the proposition 
is astounding, and I do not feel any surprise, that many 
intelligent persons, whose attention has not previously been 
directed to geological inquiries, should hesitate to admit its 
correctness ; but the conclusion is drawn from such an 
inunense accumulation of facts, corroborated by observations 
made in every region of the earth, as to compel assent, in 
spite of all our preconceived opinions. We may, indeed, 
call up from the depths of our ignorance, hypotheses as 
marvellous as the phenomena they are intended to explain, 
but which a very slight examination of the facts before us 
would prove to be utterly untenable. 

32. Concluding remarks. — There is another objection 
to which I would allude, for I do not think with some, that 
the errors, or prejudices, of those who differ from us should 
be treated with silence or contempt ; but, rather, that it is 
our duty to explain, again and again, the foundation of our 
belief, in the hope and assurance that we shall at length 
remove the erroneous opinions of persons, whose scepticism 
arises from their imperfect acquaintance with the subject. It 
has been insisted upon by those whose views are limited to 
the present state of the globe, that the supposition of the 
earth having been peopled by other creatures before the 
existence of the human race, is incompatible with the evident 
design of the Creator, and derogatory from the dignity of 
Man, for whose pleasure and necessities they assume all living 
things were created. But this inference is utterly at vari- 
ance with what we know of the living world around us : 
everywhere we see forms of animated existence utterly 
unconscious of the presence of Man, and endowed with 
faculties and sensations wholly dissimilar from our own. 
Thus, while in the beautiful language of Scripture, we are 
told that not a sparrow falls to the ground without our 
heavenly Father's notice, a philosophical examination of 
the present constitution of nature, would alike condemn 
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snch vanity and presumption. For my own part, feeling, 
as I do, the most profound reverence, and the deepest 
gratitude to the Eternal Being, who has given unto me this 
reasoning intellect, however feeble it may be ; and believing 
that the gratification and delight experienced in the con- 
templation of the Wonders of Creation here, are but a 
foretaste of that inexpressible felicity which, in a higher 
state of existence, will be our portion hereafter, I cannot 
but think that the minutest living atom, which the aided 
eye of man is able to explore, is designed for its own pecu- 
liar sphere of enjoyment, and is alike the object of His 
mercy and His care, as the most stupendous and exalted of 
His creatures* 

" Le mSme Dieu cr6a la mousse et rUnivers." 

In nothing, perhaps, are we more mistaken, than in our 
estimate of the happiness enjoyed by other beings; to 
employ the beautiful simile of a distinguished author, — 
" As the moon plays upon the waves, and seems to our 
eyes to favour with a peculiar beam one long track amidst 
the waters, leaving the rest in comparative obscurity, yet 
all the while she is no niggard in her lustre — for although the 
rays that meet not our eyes, seem to us as though they were 
not, yet she, with an equal and unfavouring loveliness, 
mirrors herself on every wave; even so, perliaps, happiness 
falls with the same power and brightness over the whole 
expanse of being, although to our limited perceptions it 
seems only to rest on those billows from which the rays are 
reflected back upon our sight."* And if we admit, as all 
must admit who for one moment consider the marvels which 
Astronomy has unfolded to us, that there are countless 
worlds around us inhabited by intelligences of whose nature 
we can form no just conception, surely the discoveries of 
Geology ought not to be rejected because they instruct us, 

* Sir E. B. Lytton*8 *' Eugene Aram." 
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that ere man was called into existence, this planet was the 
object of the Almighty's care, and teeming with life and 
happiness. 

Thus Geology reveals the sublime truth, that through 
periods of incalculable duration, our globe was the abode of 
myriads of living creatures, enjoying all the blessings of 
existence, and which at the same time were the destined 
instruments for the elaboration of the materials, by which 
the surface of the earth was rendered, in the course of 
innumerable ages, a fit temporary abode for intellectual 
and immortal beings ! 
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\. Ihthoductokt. 2. Oi^anic and Inorganic Bodies. S. Distinction between 
AnJTwaia and Vegetables. 4. Nervous System and Sensation. 5. Diversity of 
Animal Forms. 6. Animal nature of Zoophytes. 7. Cilia, or vibratfle Organs. 
8. Hydrae, or Fresh-water Polypes. 9. Elementary organic Structure. 10. Ana- 
logy not Identity. 11. The Flustrse. 12. Food of Zoophytes. 18. Nature of 
Coral Zoophytes. 14. Corals, or Polyparia. 15. Geographical distribution of 
Corals. 16. Sertularis, or Vesicular Corallines. 17. The Gorgonia. 18. The 
Red Coral. 19. Tubipora, or Organ-pipe Coral. 20. Madrepores. 21. The 
Actinia,or Sea-Anemone. 22. Caryophyllia and Turbinolia. 28. Fungia. 24.A8tnBa 
and Favonia. 25. Meandrina, or Brain Coral. 26. Appearance of living Coiala. 
27. Coral Reefis. 28. Coral Reef of Loo-Choo. 29. Coral Islands. 80. Formation 
of Coral Islands. 31. Montgomery on Coral Islands. 82. Fossil Zoophytes. 
33. Ventriculites. 34. Zoophytes of the Oolite and Lias. 85. Corals of the 
Palaeozoic Formations. 36. Coralline Marbles. 37. TheCrinoidea. 88. Structure 
of the Crinoidea. 39. Encrinites and Pentacrinites. 40. Derbyshire Encrinital 
Marble. 41. The Lily Encrinite. 42. Pear Encrinite of Bradford. 43. Penta- 
crinites and Actinocrinites. 44. Pentremites and Cystidea. 45. Concluding 
Remarks. ^ 

1. Inteoductobt. — ^In many of the deposits of the Secon- 
dary formations reviewed in the last discourse, a large 
proportion of the fossils consisted of those interesting types 
of animal organization, the Polyparia, Crinoidea, and other 
zoophytes : some of the oolitic strata, as for example the 
Coral-rag, being wholly made up of corals ; while many of 
the limestones and shales of the Lias, equally abounded in 
Encrinites, Pentacrinites, and other forms of the Crinoidea. 
In the more ancient palaeozoic formations, to the examina- 
tion of which our attention will hereafter be directed, we 
shall find these organisms in still greater profusion ; entire 
mountain chains consisting of the consolidated remains of 
corals, and vast tracts, of limestones composed of the mine- 
ralized skeletons of the Lily -shaped animals. 
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To enable the unscientific reader to comprehend the origin 
and formation of these ancient fossiliferous rocks, I there- 
fore purpose devoting the present Lecture to a general view 
of the natural history of some of the recent animals of this 
class, and a brief notice of the most characteristic fossil 
species. 

2. Organic and inorganic bodies. — The beautiful 
world in which we are placed is every where full of objects 
presenting innumerable varieties of form and structure, of 
action and position ; some of them being inanimate or inor- 
ganic, and others possessing organization or vitality. The 
organic kingdom of nature, in like manner, is separated into 
two grand divisions, the animal and the vegetable. The 
differences between organic and inorganic bodies are nume- 
rous and manifest ; but it will suffice for my present purpose 
to mention a few obvious and familiar characters. All the 
parts of an inorganic body enjoy an independent existence; 
if I break off a crystal from this mass of calcareous spar, 
the specimen does not lose any of its properties, it is still a 
group of crystals as before ; but if a branch be separated 
from a tree, or a limb from an animal, each is rendered 
imperfect, and the parts removed suffer decomposition, — 
the branch withers, and the limb undergoes putrefaction. 
If crystals, which may be considered the most perfect models 
of inorganic substances, be formed, they will remain un- 
changed, unless acted upon by some external force of a 
chemical or mechanical nature ; within, every particle is 
:'.t rest, nor do they possess the power to alter, increase, or 
diminish : they can augment by external additions only, and 
decrease but by the removal of portions of their mass.* 

• These remarks must be taken in a general sense only, since recent 
experiments have demonstrated that the molecules of inorganic matter 
undergo modification by the slightest action of light, and variation of 
temperature. 

" Prismatic crystals of zinc are changed in a few seconds into octa- 
hedrons by the heat of the sun. We are led from the mobility of 
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But organic bodies have characters of a totally different 

8 ; they possess definite forms and structures, which 

capable of resisting for a time the ordinary laws by 

which the changes of inorganic matter are regulated, while 

internally they are in constant mutation. From the first 

ment of the existence of the plant or animal to its disso- 
lution there is no repose; youth follows infancy, — maturity 
precedes age ; it is thus with the moss and the oak, — the 
monad and the elephant, — life and death are common to 
them all. 

Animals and vegetables also require a supply of food and 
air, and a suitable temperature, for the continuance of their 
existence ; and they are nourished by fluids elaborated by 
appropriate organs, and transmitted through suitable vessels. 
In the germ of an animal or a vegetable, there is a vital 
principle in action, by which are developed in succession 
the ordained phenomena of its existence. By this power 
the germ is able to attract towards it particles of inanimate 
matter, and bestow on them an arrangement widely difler- 
ent from that which the laws of chemistry or mechanics 
could produce. The same power not only attracts these 

fluids to expect great changes in the relative positions of their mole- 
cules, which must be in perpetual motion even in the stillest water or 
calmest air; but we were not prepared to find motion to such an extent in 
the interior of solids. We knew that their particles were brought nearer 
by cold or pressure, or removed farther from one another by heat ; but 
it could not have been anticipated that their relative positions could 
be so entirely changed as to alter their mode of aggregation. It 
follows from the low temperature at which these changes are eflfected, 
that there is probably no portion of inorganic matter that is not in a 
state of relative motion. Prismatic crystals of sulphate of nickel ex- 
posed to the summer heat, in a close vessel, had their internal structure 
completely altered, so that when broken open they were composed 
internally of octahedrons, with square bases. The original aggrega- 
tion of the internal particles had been dissolved, and a disposition 
given to arrange themselves in a crystalline form." — Mrs. SomerviUe, 
On the Connexion of the Sciences, p. 171. 



592 



THE WONDERS OF GEOLOGY. Lect. VI. 



particles, and preserves them in their new situations, but is 
continually engaged in removing those which might by their 
presence prevent or derange its operations; and, on the 
other hand, so soon as the vital principle deserts the body 
which it has animated, the latter immediately becomes 
subjected to the agencies which act on inorganic matter : " in 
obedience to the power of gravitation the bough hangs 
down, and the slender stem bends towards the earth, — the 
animal falls to the ground, — ^the pressure of the upper parts 
flattens those on which they rest, — ^the skin becomes dis- 
tended, and the graceful outlines of life are changed for the 
oblateness of death;"* — ^the laws of chemistry then begin 
to operate, — putrefaction takes place, — and, finally, dust 
returns to dust, and the spirit of Man to Him who gave it. 

3. Distinction between Animals and Vegetables. — 
I have thus briefly described a few of the phenomena pe- 
culiar to organic existence; it wiU now be necessary to 
offer some remarks on the distinguishing characters of 
animals and vegetables, for unless we have a clear percep- 
tion of the phenomena peculiar to each, we shall not obtain 
correct ideas of the nature of zoophy tal organization. 

When we compare together those animals and vegetables 
which are considered as occupying the highest stations in 
each kingdom, we perceive that they differ from each other 
in particulars so obvious and striking, as not to admit of 
question. The horse, and the grass upon which it feeds, 
— the bird, and the tree in which it builds its nest, — are 
so essentially distinct from each other, that we perceive 
at once that they belong to distinct classes of organic 
nature. But it is far otherwise when we descend to those 
animals and plants which occupy the lowest stations in 
vitality : here the functions to be performed are but few, 
the points of difference obscure, and it requires a correct 
knowledge of the laws of organization to enable us to 
* Dr. Fleming ; Philosophy of Zoology. 
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determine, with any d^ree of precision, where animal life 
terminates, and vegetable existence begins. The Lichen 
which grows on the stone, and the Zoophyte attached to the 
rock, present but little difference to the common observer : 
both are permanently fixed to the spot on which they grow, 
firom the earliest period of their existence to their dissolu- 
tion ; and in the vegetable dried by the heat of the sun, and 
the coralline shrivelled up from the absence of moisture 
during the ebb of the tide, he would seek in vain for those 
characters which would assign the one to the vegetable, and 
the other to the animal kingdom. 

4. Nervous system and sensation. — My limits will 
not permit me to dwell on the distinctions which exist be- 
tween animals and vegetables in their chemical composition, 
nor on the different influence produced on the atmosphere 
by their respective agency : and I must content myself with 
explaining the remarkable endowment which is supposed to 
be peculiar to animal organization, namely, that of setuatian^ 
and to be dependent on that structure which is termed the 
Nervous, or medullary system. 

When any object comes in contact with my finger I am 
sensible of its presence, and the finger is said to possess 
sensation : but if I compress, or cut across the nerve which 
passes from the spinal marrow to the arm, this faculty of 
sensation is suspended or destroyed : the same object may 
come in contact with my finger as before, but no feeling is 
excited indicating to me its presence. This phenomenon 
is well known, for every one must sometimes, in lying or 
sitting, have compressed the nerve of the arm or thigh, 
and occasioned a temporary numbness and loss of accurate 
feeling in the limb. I perceive, then, by my own ex- 
perience, that sensation is inseparably connected with the 
presence and condition of the nerves ; and that in Man and 
the vertebrated animals, the nervous influence is developed 
and transmitted by means of the brain and spinal marrow. 
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In examining the other divisions of the animal kingdom, 
the presence of a nervous system, more or less developed 
according to their respective intellectual and physical en- 
dowments, may be detected. In those of the higher orders, 
nervous filaments can be distinctly traced, from their origin 
in the brain or spinal marrow, to their distribution in the 
various parts to which they communicate sensation, and to 
the organs to which they impart the influence necessary for 
the performance of their several functions. But in pro- 
portion as the systems of absorbing, secreting, and circu- 
lating vessels, become less, a corresponding diminution 
takes place in the nervous fibres, till at length both vessels 
and nerves elude our finite observation, and we are left to 
infer from analogy, that, since sensation depends upon the 
presence of nerves, and the smallest animals evidently 
possess sensation, a nervous system exists in the minutest 
Monad which the highest power of the microscope enables 
us to descry.* 

In the largest and most complicated vegetable organisms, 
no traces of nerves are perceptible, nor of any substance 
which can be considered as at all analogous in structure 
or function : it is therefore concluded, that as vegetables are 
destitute of nerves, they are likewise wanting in the faculty 
we term sensation. f 

* Hence Rudolph, the celebrated physiologist, terms those animals 
in which no traces of nervine, or nervous matter, can be detected, the 
Cryptoneura, or hidden nerved. 

f Although the definition here given is sufficient for our present 
purpose, yet it is necessary to state, that in a more rigorous and philo- 
sophical view of the subject, a line of demarcation between the vital 
phenomena exhibited by animal and vegetable organisms cannot be 
established. The possession of a stomach or digestive sac, and the 
power of locomotion, formerly thought to be peculiar to animals, are 
no longer regarded as such. Even the difference in the chemical pro- 
cesses effected by plants and animals, — namely, the absorption of car- 
bonic acid and the evolution of oxygen by the former, and the opposite 
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But the nerves not only bestow feeling, they also confer 
the power of voluntary motion ; and if the organs to which 
the motor nerves proceed be suitably constructed, they 
enable the animal to effect progression, or in other words, 
to change its situation from one place to another. Aa 
we descend in the scale of creation, we find many animals 
destitute of that power, and living on the same spot 
from the commencement to the termination of their 
existence ; and all these creatures are inhabitants of 
the water. 

Such, then, are the essential characters of animals — 
an external determinate form, gradually developed, with 
an internal organization possessing vessels for effecting 
nutrition and support, and capable of attracting and assi- 
milating particles of inorganic matter; combined with 
a nervous system communicating sensation and voluntary 
motion ; a certain term of existence being assigned to 
determinate forms — in other words, a period of life and 
death. 

5. Dtversitt of Animal forms. — Animals are as varied 
in form and magnitude aa the imagination can conceive ; 
from the god-like image of Man, to the globule of jelly that 
floats upon the wave — from the Elephant and the Whale, 
to the Insect and the Animalcule, of which millions may be 
contained in a drop of water. In fact, so numerous and 
dissimilar both in form and structure are the animal organ- 
isms that exist on the earth, that the opinion of Astronomers 
that the inhabitants of the worlds around us, must, from 
the different densities and conditions of the respective 
planets, be totally distinct and unlike any that are known 

effects produced by the latter — though a very general, is not a constant 
character ; for some animals evolve oxygen ; and from all the parts of 
plants which are not green, carbonic acid is exhaled : and when light 
is removed from the plant, the same thing happens every where. See 
Dr. Bence Jones's Oidstonian Lectures, for 1846. 
VOL. II. R R 
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to US, cannot be considered as incredible or marvellous.* 
But of all the shapes in which animal existence presents 
itself on our globe, none are more extraordinary, or unlike 
what is commonly conceived of living beings, than those of 
the compound creatures which are described by naturalists 
under the name of Zoophytes, or Animal-plants, and fami- 
liarly known in their varied forms by the names of Corals, 
Madrepores, Sponges, Sea-anemones, Dead-men's-fingers, 
Sea-fans, &c. 

6. Animal nature of Zoophytes. — It was in this town 
(Brighton) that in the year 1752, the animal nature of many 
of the Zoophytes which abound on the Sussex coast, was 
first established. Mr. Ellis, an eminent naturalist, was 
engaged in forming a collection of marine plants, and having 
occasion to examine some of the specimens through a 
powerful microscope, he was astonished to find that the 
Sponges, at that time supposed to be vegetables, possessed 
a system of pores and vessels through which the sea-water 
circulated ; and that many of the Corallines exhibited cells, 
from which tentacula or feelers were constantly protruding, 
and then suddenly retracting, as if seizing and devouring 
prey. Subsequent observations have proved that the 
substance we call sponge is the skeleton, or support, 
of a vascular substance which invests it) and which may 
be considered as the flesh of this animal. When viewed 
through the microscope, innumerable pores are seen on the 
surface of the Sponge constantly imbibing salt water, which 
circulates throughout the mass, and is finally rejected from 
the large openings ; this water doubtless contains the living 
atoms that constitute the food of this zoophyte, but which 
are so minute as to elude observation. 

The Sponges, however, approach so closely in their 
structure to certain plants, that many eminent naturalists 

* See Thoughts on Animalcules, or a Glimpse of the Invisible 
World revealed by the Microscope, p. 7. 
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of the present day refer them to the Vegetable kingdom ; 
thus Professor Owen expresses his opinion, that if a line 
could be drawn between animals and vegetables, the 
Sponges should be placed among the latter. But these 
bodies appear to me to hold an intermediate place — ^to 
be on the boundary line, that intervenes between the 
two grand divisions of animated nature; they are, in 
short, true Zoophytes or Animal-plants ; it will, therefore, 
be insthictive to dwell a brief space on the investigation of 
their structure, and economy. 

The living Sponge, when highly magnified, exhibits a 
cellular tissue, permeated by pores, which unite into cells, 
or tubes, that ramify through the mass in every direction, 
and terminate in larger openings. In most Sponges the 
tissue is strengthened and supported by spines or spicula 
of various forms, and which, in some species, are siliceous, 
and in others calcareous.* The minute pores through 
which the water is imbibed, have a fine transverse gela- 
tinous net- work, and projecting spicula, by which large 
animalcules or noxious particles are excluded ; water inces- 
santly enters into these pores, traverses the cells or tubes, 
and is finally ejected from the large vents. But the pores 
of the sponge have not the power of contracting and 
expanding, as Ellis supposed ; the water is attracted to these 
openings by the action of instruments of a very extraordi- 
nary nature, by which currents are produced in the fluid, 
and propelled in the direction required by the economy of 
the animal. 

7. ClLIA,t OR VIBRATILE ORGANS. Although thcSO 

organs, which are termed Cilia, from their hair-like appear- 
ance, are not confined to the class of animals which form the 
subject of this inquiry, yet they play so important a part in 
the economy of the Zoophytes and Crinoidea, that it will be 
necessary to define their structure and functions. These 
* See Medals of Creation, p. 264. f Prom cilium, an eye-lash. 
R r2 
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processes resemble very slender fibres or hairs, and are 
only visible under a powerful microscope. They are 
situated on parts habitually in contact with water or 
some other fluid, and possess the power of performing 
a rotatory or circular oscillation with great rapidity, 
by which they produce currents and eddies in the sur- 
rounding fluid. 

When a drop of water containing Infusoria or other 
animalcules is brought under the microscope, it is seen that 
as the creatures move along, every particle of foreign mat- 
ter near them is agitated, a phenomenon indicating eddies in 
the water. When the Infusoria remain stationary, the cur- 
rents are more distinct, and evidently take certain direc- 
tions, causing the particles of matter to run in a stream to 
and from the animal. If a very high magnifying power be 
employed, transparent filaments will be distinguished pro- 
jecting from the surface of the Animalcules, and moving 
with extreme rapidity. These are the Cilia, which serve 
to assist in progression, and when the animal is stationary, 
impel the water in currents through the cavities and 
tubes on which they are distributed: these must not be 
mistaken for the tentacula, or feelers, for they are fringes of 
delicate fibres investing those instruments, and the internal 
surfaces of other organs. The Cilia are so minute, that their 
outward form, position, and the direction of their motions 
only can be detected, their internal structure eluding obser- 
vation. In the simplest animal organisms they are the 
organs by which motion and respiration are effected, and the 
food necessary for nutrition obtained. But they exist also 
in Man and the higher orders of vertebrate, and are the 
instruments by which many of the most important functions 
of the animal economy are performed. As we cannot 
separate the idea of muscular fibre from animal motion, it 
is conjectured that the Cilia are impelled by definitely 
arranged muscles : and Ehrenberg believes he has detected 
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these muscles in some of the larger Infusoria.* The 
number of the cilia, even in an animalcule invisible to the 
naked eye, is almost incredible ; Dr. Grant calculates that 
a single poljrpe of a Flustra has 400 millions. 

8. The Hydra, or freshwater PoLYPE.f — Before 
describing the zoophytes which are the inmiediate subject of 
this lecture, I would call your attention to one of the most 
simple forms of animal life, that abounds everywhere in 
freshwater streams, and being relatively of considerable 
size, wiU afford a convenient illustration of some of the 
vital phenomena exhibited in the coral zoophytes that 
give rise to reefs and islands in the seas of warm climates. 
This is the Hydra, or freshwater polype, of which 
several kinds inhabit our ponds, rivulets, &c. They 
are generally attached to the stems and leaves of aquatic 
plants ; and the largest species when in an expanded state 
is from a quarter to half an inch long, and of the size 
of a hog's bristle ; it is constricted at the end attached to 
the plant, and has an aperture or mouth at the free 
extremity, from around which proceed from six to ten 
long delicate tentacula {Lign. 132, fig, 4). The Hydrae 
present an example of a highly endowed organism of the 
simplest structure ; the whole animal consisting merely of 
a gelatinous, transparent, open cylinder, or tube, contracted 
at one extremity, and having the margin of the other pro- 
longed into tubular tentacula. It is, in fact, a stomach, or 
digestive sac, with no appendage but the instruments for 
seizing its prey. A vertical section {Lign, 132, Jig. 5) 
highly magnified, shows the interior of the receptacle for 
the food, the relative thickness of its substance, and the 

* See the representation of the Cilia on the rotatory organs of the 
Rotifer or Wheel-animalcule in " Thoughts on Animalcules/' p. 36. 

f Polype, or polypus {many feet), is a name derived from the tenta- 
cula, or processes which in some species serve for progression, in others 
for respiration. 
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manner in which the tentacula are formed by an extension 
of the upper margin. The Hydra is endowed with vitality 
in a very extraordinary degree, and its substance is highly 
sensitive and contractile in all its parts. It fixes itself to 
other bodies by the small end of the tube, and expands 
and contracts at pleasure. These enlarged drawings 
{Lign, 132) represent polypes in different positions and 




LiGN. 132.— Hydb« or Freshwater Polypes. 
{Drawn by Miss Ellen Maria Maniell.) 

Fig. 1. Hydra fusca magnified, the tentacula partially expanded. 2. Two Hydrae 
on the same base, one contracted, the other expanded. 3. Hydra viridis, 
natural size. 4. Hydra, with the body enlarged from its containing food. 
5. Vertical section of Hydra viridis, highly magnified. 6, 7, 8. Hydrae in 
various states of progression. 9. A double Hydra, produced by the vertical 
section of a single one. 

states of contraction. The mode of progression is shown 
in figs. 6, 7, 8 ; it is effected by the bending of the body 
into a curve, and holding by the tentacula; the base is 
then brought into contact with the fixed point, and the ten- 
tacula are again projected forwards. The Hydra can 
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greatlj elongate the body, and also contract itself into a 
small globular mass, as in the uppermost polype in^^. 2.* 

The most extraordinary vital endowment possessed by 
these £reshwater polypes, is that of the reproduction of lost 
parts^to an almost unlimited extent ; even to the formation of 
several perfect animals from the separated pieces of a 
single individuaL If the body is split in half, each portion 
grows into a complete HyAa, as is shown in this drawing 
{fig. 9) ; and as if there were no limits to its transformar 
tions, the ci^eature may be turned inside out, and that which 
was the sur&ce of the stomach will become the epidermis, 
and the outer skin form the lining of the new stomach, and 
carry on the process of digestion ! f 

9. Elementabt organic structure ; Cells. — The 
interpretation of these phenomena is to be found in the 
peculiar organization of the Hydra, its entire structure 
being nothing more than an aggregation of cells. A ver- 
tical section of a Polype {Lign. 132, Jig. 5,) shows the 
internal cavity or digestive sac, the relative thickness of 
the substance of the body, and the manner in which the 
arms are formed by a prolongation of the upper part into 
hollow processes. This animal is, in fact, a simple sac or 
pouch formed of a congeries of cells, for the reception and 
assimilation of food. The cells lining the stomach select 
and absorb the nutritious particles, and the tube then 
spontaneously contracts and casts out the residue of diges- 
tion. This organization is analogous to that of the simplest 
condition of the vegetable kingdom, the Cellulosa : for even 
ihe large Ftidy or sea-weeds, consist only of cells. The 
freshwater Confervce are merely jointed films composed <^ 
cells, containing granules or lesser cells. A cell bursts, 

* See my " Thoughts on Animalcules/' PL I. for coloured figures of 
the Hydrse. 

f M. Trembley of Geneva, in 1740, first obserred this wonderful pro- 
perty of the Hydra. See his charming work, ''M6moires pour seryir 
H rEUstoire d'un Genre de Polypes d'Eau douce.*' A Leide, 1744. . 
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the granules escape, and float in the water till they 
become fixed to some other body ; they then reproduce 
cells, which are aggregated after the same pattern as in the 
parent plant. The common mould or mustiness is a cluster 
of plants formed of celld only ; and there are some v^eta- 
bles in which the entire plant consists of but one isolated 
cell; such are the yeafit iyxn^BiTortula cerevisiae)^ and the 
red snow {Leparia nivalis). IIi these examples we see that 
all the functions of vegetable life, namely, absorption, assi- 
milation, the fixation of carbon from the atmosphere, re- 
spiration, exhalation, secretion, and reproduction, are efiected 
by one single cell. Even in the highest and most compli- 
cated orders of vegetables, in which there is a variety of 
organs adapted for the performance of different offices, these 
functions are effected by the agency of cells, which obtain 
materials of formation and support from the ordinary 
chemical agents around them. Thus an aggregation of 
simple cells forms the cellular tissue : a fusion or blending 
of several cells produces the vessels, and so forth ; and by 
cells are elaborated the gum, resin, oil, starch, gluten, &c : 
and by cells specially endowed, are secreted the narcotic 
of the poppy, the deadly poison of the nightshade, and the 
stimulant aromatic of the clove. 

In like manner, in animal structures, all the various 
processes of vitality are performed by cells or globules, 
varying in size from infinite minuteness to forms visible to 
the unassisted eye. Thus one system of cells secretes the 
bile, another the adipose substance, another the nervous 
matter, and so forth ; but how these special products are 
formed by cells apparently of similar organization we know 
not. Whether the special endowment belonging to the 
system of cells of a particular organ depends on the 
intimate structure of the wall or tissue of such cells, and 
this structure be so attenuated and infinitesimal as to elude 
our observation ; or whether it results from the transmission 
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of some peculiar modification of that mjBterious vital force 
we term nervous influence, are questions to which, I 
apprehend, no satisfactory reply can he given. 

In fine, a minute globular cell is typical of the common 
germ from which all organic fabrics proceed. All animals 
and plants, therefore, may justly be regarded as definite 
aggregations of cells, endowed with specific properties in 
the different types, and subjected to a never-varying law of 
development ; and in animals, as well as in plants, there are 
certain kinds in which the entire organism consists of but 
a single cell ;* and others in which each individual is but 
a cluster of such cells arranged in a definite manner. 
These mere aggregations of cells perform all the functions 
of animal life, viz., the maintenance of a particular form for 
a certain period, the elaboration of materials of support 
from food, locomotion, and the perpetuation of the species ; 
hence these animals, like the simplest plants, may be 
divided without losing their vitality, and every part may 
become a perfect individual. To this class belongs the 
Hydra, and the above exposition of its structure renders the 
production of several animals from the vivisection of an 
individual, perfectly intelligible. 

10. Analogy not Identity. — And here I must briefly 
comment on the doctrine of the law of development^ as it 
is termed, so speciously, but unphilosophically, advocated 
in a recent work ;f in which it is attempted to show, that 
all the varied forms of organic life are the result of a 
law, by which is produced an unbroken chain of gradually 
exalted organization, from the crystal to the globule, and 
thence through successive stages of the polype, mollusk, 
&c. up to Man.J 

* The Monads : see " Thoughts on Animalcules," Plate II. 
f Vestiges of the Natural History of the Creation. 
:J: The following remarks of Sir John Herschel on this theory are 
too important to be omitted. " The transition from an inanimate 
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The following remarks will serve to show the fallacy 
of this reasoning. Though it is an established physio- 
logical axiom, that cells are the elementary basis, the 
ultimate limit to which we can trace all animal and vegeta- 
ble structures, and that the varied functions in which 
organic life essentially consists, are performed by the agency 
of cells not distinguishable from each other by any well- 
marked characters, there is not the slightest ground for 
assuming any identity between the primary cells of the 
simplest species of animals and vegetables ; much less be- 
tween those of higher organization. The single cell which 
embodies vitality in the yeast fungus or the monad, is 
governed by the same immutable organic laws which pre- 
side over the complicated structure of Man and the other 
vertebrata : and the single cell which is the emh'yotic con- 
dition of the Mammal, has no more relation to the single 
cell which is the permanent condition of the Monad, than 
has the perfect animal into which the mammalian cell is 
ultimately developed. The cell that forms the germ of 
each species of organism is endowed with special properties, 
which can result in nothing but the fabrication of that 
particular species. There is an analogy between the hu- 
man embryo and the monad of the Volvox, in that each 
consists of simple cells : but there is no more identity 
between the human and polygastrian cells than between 
the perfect Man and the mature Animalcule.* 

crystal, to a globule capable of such endless organic and intellectual 
development is as great a step — as unexplained a phenomenon^— as unin. 
telligible to us — and in any human sense of the word as miraculous, 
as would be the immediate creation and introduction upon earth, of 
every species, and every individual. Take the amazing facts of 
Geology which way we will, we must resort elsewhere than to a mere 
speculative law of development for their explanation/' — Brit. Assoc 
Reports for 1845, p. 42. 

* See Notes to my Thoughts on Animalcules : and Westminster 
lleview. No. XC. Art. " The Microscope and its Revelations." 
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11. Thb FLUaxBA. — From this digression we return to 
the consideration of those zoophytes which ppssess a calca- 
reous framework or support, and are termed Cordis; and 
I will select one of the most simple and common forms in 
illustration of the subject. Most persons in their rambles 
along the sea-shore, must have noticed on the fuci, shells, 
and pebbles, patches of a white calcareous substance, which 
when closely examined appear like delicate lace-work : 
these apparently mere earthy particles, are clusters of 
the compound zoophyte termed Flmtra^ or Sea-mat (See 
JPhUeY.figs.5,ey1,S). 

The Flustra, when ti^en alive out of the water, presents 
to the naked eye the appearance of fine net-work, coated 
over with a glossy varnish (PI Y-fig. 5) ; with a glass of 
moderate power, the surface is discovered to be full of 
pores, disposed with much regularity (P/. Y.Jujf. 8). If a 
magnifying glass be employed, while the Flustra is im- 
mersed in sea- water, very different phenomena appear ; the 
surface is found to be invested with a fleshy or gelatinous 
substance, and every pore to be the opening of a cell, whence 
issues a tube with several long feelers or arms {Lign. 133) ; 
these expand, then suddenly close, withdraw into the cells, 
and again issue forth ; the whole mass being studded with 
these hydra-like forms. The Flustra thus constitutes, as it 
were, a family of pol3rpes, each individual of which is per- 
manently fixed in a calcareous cell, and the whole united 
by a common integument, by which the calcareous frame- 
work was secreted. Under a powerful microscope the form 
and structure of the animal of the Flustra may be easily 
distinguished. PL V. jig. 6, represents a single polype 
with its tentacula extended ; and fig, 7, the same animal- 
cule, withdrawn into its cell. The figure, lAgn. 133, shows 
a polype protruded, under a much higher power.* 

* This exquisite figure is from a memoir by Mr. Lister (Philos. 
Trans. 1834), on the structure and functions of the Tubular and 
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The body of the animalcule consists of a transparent sac 
or pouch, doubled on itself, and having at the mouth, or 
large external opening, ten or twelve tentacula fringed with 
cilia, which have the power of extending and contracting 
with great celerity. 




LiGN. 133.— Polype of Flustra pilosa ; with its mouth and ciliated 

ARMS PROTRUDED FROM THE CELL. 

(Magnified 150 times.) 

The Flustrae present considerable variety in the form 
and arrangement of their cells. The most common 
species are found attached to marine plants, which they en- 
close, as it were, in a living sepulchre {PI V. Jig, 5) ; 
others spread into foliated expansions, and have both sides 
covered with cells.* The prevailing hue is white, or a 
light fawn colour, but some species have a tinge of pink or 
yellow. They abound in every sea, and are not restricted 
by climate, occur in profusion along the sea-shores, and are 
found attached to the fuci that are thrown up from the pro- 

Celullar Polypes. The observations were made at Brighton, and I had 
the pleasure of seeing the live zoophytes under the fine instrument 
constructed by Mr. Lister. 

» See Dr. George Johnson's beautiful work on " British Zoophytes," 
for numerous figures and accurate descriptions of the British Flustrse, 
&c. 
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found depths of the ocean. The small parasitical species, 
when dried, appear like spots of a chalky substance on the 
sea- weed. The increase of the Flustra is thus described by 
Lamouroux :* — "When the animal has acquired its full 
growth, it flings from the opening of its cell a small globular 
body, which fixes near the aperture, increases in size, and 
soon assumes the form of a new cell ; it is yet closed, bu, 
through the transparent membrane that covers its surface 
the motions of the polype may be detected ; the habitation 
at length bursts, and the tentacula protrude, eddies are 
produced in the water, and conduct to the polype the atoms 
necessary for its subsistence." 

12. The Food of Zoophytes. — However improbable it 
may appear to the mind unaccustomed to investigations of 
this nature, that beings so minute as those under exandna- 
tion should prey upon living forms yet more infinitesimal, 
the fact is nevertheless unquestionable. It is even possible 
to select the food of animalcules much smaller than the 
polypes of the Flustra, and thus exhibit their internal struc- 
ture. This experiment is easily shown under a good micro- 
scope, and the animalcules termed VorticellcB, a very abun- 
dant family of Infusoria, are best adapted for the purpose. 
Immediately on a minute particle of a very attenuated 
solution of pure carmine or indigo being applied to a drop 
of water containing a group of the VorticelUe,^ the most 
beautiful phenomena are observable. Currents are excited 
in the fluid in all directions, by the rapid motion of the 
cilia which form a crown round the anterior part of the body 
of the animalcules, and the particles of indigo are seen 

* " Corallina ;" an excellent abstract of Lamouroux's " Memoir on 
the Flexible Corals " (one vol. 8vo. 1834), p. 43. 

t The Vorticellae are hyaline vasiform animalcules, attached by a 
slender peduncle at the base, and having rows of cilia disposed in zones 
round the margin : these, when seen in some directions while in rapid 
motion, appear like wheels ; hence they are commonly called Wheel- 
animals. See " Thoughts on Animalcules," PI. III. 
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moving in different directions, but generally all converging 
towards the orifice or mouth, which is situated not in the 
centre of the crown of cilia, but between the two rows of 
these organs, which exist consecutive to one another. The 
attention is no sooner drawn to this interesting spectacle, 
than presently the bodies of the animals, which were before 
quite transparent, become dotted with distinctly circum- 
scribed spots, of a dark blue colour, exactly corresponding 
to that of the moving particles of indigo. In some species, 
particularly in those which are provided with an annular 
contraction or neck, separating the head from the body, the 
molecules of indigo can be traced in a continuous line in 
their progress from the mouth to the internal cavities. 

The animalcules termed Monads^ may be considered as 
the lowest term of animal organization recognisable by 
man, being only from the 1,200th to the 24,000th part 
of an inch in diameter, and the powers of the micro- 
scope extend no farther ; yet it is impossible to doubt 
that there are myriads of living forms more infinitesimal, 
some of which serve as food to these miniatures of 
life.* 

13. Nature op Coral Zoophytes.— In the larger and 
free masses of Flustra, the decomposition of the animal 
substance after death is very manifest. This specimen of 
Flustra foliacea, which was dredged up twenty miles 
SS.W. of Brighton, in water eighteen fathoms deep, is a 
fine example of this brittle species ; when first in my pos- 
session it was highly offensive from the emanations evolved 

• " The size of the ultimate particles of matter must be small in the 
extreme. Organized beings, possessing life and all its fdnctions, have 
been discovered so small that a million of them would occupy less 
space than a grain of sand. The malleability of gold — the perfume of 
musk— the odour of flowers — and many other instances might be given 
of the excessive minuteness of the atoms of matter : yet, from a variety 
of circumstances, it may be inferred that matter is not infinitely 
divisible." — Mrs. Somerville, p. 125. 
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during the decomposition of the animal matter. It is now 
a calcareous skeleton, with here and there portions of the 
shrivelled integument, but, of course, without any traces of 
polypes in the cells. 

L»et us now refer to our previous remarks, and inquire if 
the Flustra presents the essential characters of animal ex- 
istence. Its polype possesses a determinate form, and has 
a calcareous skeleton covered by a soft fleshy substance, 
that can for a certain period resist chemical and mechanical 
agency. It is furnished with instruments capable of moving 
with great celerity, is susceptible of external impressions, 
and can expand and contract at will. Here, then, is evidence 
of sensation and of voluntary motion ; and although, from 
the extreme minuteness of the structure, nerves cannot be 
detected, yet there can be no doubt that it possesses 
a nervous, and also a circulatory system for effecting nutri- 
tion and reparation. We find, also, that when removed 
from the element in which it lived, the creature dies, and its 
soft substance, like the flesh of the larger animals, undergoes 
putrefaction; it has lost the vital principle by which it pre- 
viously resisted chemical agency, and now submits to the 
effects of those laws which act upon inorganic matter ; the 
calcareous materials that composed its skeleton, and which, 
like the bones of mammiferous animals, were secreted by the 
soft parts, alone remain. 

I would here particularly remark, that the stony support 
of all Zoophytes is formed by a similar process ; the hard 
substance called coral, being secreted by the integuments, or 
membranes with which it was permeated and invested, in 
Uke manner as the bones and nails in man are secreted by 
the tissues designed for that purpose, and acting without 
his knowledge or control. Nothing can be more erroneous 
than the popular notion that the cells of corals are built up 
by the polypes found in them, in the same manner as are 
the cells of wax by the Bee. 

From what has been advanced, it is evident that the 
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Flustra is an aggregation of an immense number of individual 
polypes attached to a calcareous skeleton ; each of vrhich is 
doubtless susceptible of pain and pleasure independently of 
the whole ; for we have a living proof in the Siamese 
twins,* that even in our own species there may be an 
united organization with separate nervous systems, and 
individual sensations ; and as it is certain that each Polype 
enjoys distinct volition, it is most probable that the sensa- 
tions of each individual are independent of the general 
mass. There is, however, a common sensibility pervading 
the structure that binds together the community of zoo- 
phytes, and by which certain actions are performed irre- 
spectively of the individual polypes. Thus the compound 
zoophytes termed Pennatula, or Sea-pens, upon the slightest 
touch withdraw themselves into tfce wet sand, and disappear : 
and the arborescent Vorticella^ upon the microscope being 
agitated, instantly shrink down into a globular mass, and 
all appearance of the elegant animalcules a moment before 
so active, vanishes. In certain species of Flustra, F. 
avicularia for example, each cell is protected by a bivalve 
operculum, much resembling in form the beaks and head of 
a vulture ; and these appendages open and shut apparently 
without the control of the polype that occupies the cell ; 
their functions seem to be related to the horny axis that 
connects the group of independent living animalcules of 
which the entire compound zoophyte is composed, and not 
to the polypes themselves. J 

14. The Corals or Polyparia.§ — In the Flustra, then, 

* See the Philosophical Transactions for 1830, p. 177. 

t See " Thoughts on Animalcales," p. 49. 

X The reader will find some highly interesting observations on this 
phenomenon in Mr. Darwin's " Journal of a Voyage round the World,** 
chap. ix. p. 200. 

§ PolypaHa. The axis, framework, or skeleton of these groups of 
polypes is termed polyparium, or polypidom (polype-habitation) ; and 
those of a stony hardness are &miliarly known as Corals : these 
names therefore refer to the durable skeleton of the zoophytes, and not 
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we have the elements of zoophjtal organization, and all the 
varied and extraordinary forms that will hereafter come 
under our notice, are but modifications of this type of 
animal existence. In some, the skeleton or support consists 
of earthy matter as in the Flustra, but solid and hard as 
adamant; in many examples it branches out like a tree {Lign. 
136, p. 620) ; in others, constitutes hemispherical masses, 
having numerous convolutions on the surface, somewhat 
resembling in appearance the brains of quadrupeds {Lign. 
138) ; and in many it forms an aggregation of tubes, 
terminating in star-like openings (PL Yl.fig. 9). Among 
the branched varieties, some are covered by pores so nume- 
rous as to be called Millepora ; in many, the openings are 
distant : some have star-like markings here and there ; 
while in others, the whole surface presents a stellated struc- 
ture. In many species the fleshy animal matter entirely covers 
and conceals the stony skeleton during life ; in others, the 
latter becomes exposed, and forms a trunk, having branches 
covered by living polypes ; while in another, and numerous 
division (of which the common Sertularia is an example), 
the skeleton is secreted by the outer surface of the soft 
parts, and constitutes an external protection to the polypes 
(PI. V. Jig, 1). In another family, the Gorgonia {Lign. 
135), the skeleton is of a horny or ligneous texture, and 
flexible, bending to the motions of the waves ; while in 
some it is jointed or articulated, as in the Isis {lAgn. 136, 
Jig. 3). Sometimes the skeleton is impressed with the 
cells, as in the Madrepores (Lign. 136, Jig. 2); while in 
other species, as the Red Coral, the stem is smooth, and 
exhibits no traces of the peculiar structure of the animal, 

to the polypes themselves ; but in familiar writing the term Coral is 
often used to designate the entire living mass. The Bed Cored fonns 
a distinct genus called Corallium. In a fossil state the polyparium 
alone remains, except in a few instances. See " Medals of Creation/* 
chap. viii. 

YOr.. IL. S 8 
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the polype-cells being formed of the investing soft substance 
(PI. y.Jig* 9). Yet amidst all these varieties of form, the 
same essential characters are maintained ; in all there is 
a skeleton or solid support, and a fleshy or gelatinous 
substance studded with poljrpes. 

The Flustra, Eachara, &c. are called Bryozoa, or moss- 
animals, because their aggregated masses encrust other 
bodies like moss : their polypes, though, as we have already 
seen, exceedingly minute, are highly organized, their 
digestive organs being more complicated than in the other 
tribes of zoophytes. The polypes of the large calcareous 
masses that constitute the coral reefs of tropical seas, are of 
a lower organization, and resemble the common Sea- 
anemone {Actinia, PL VI. fig, 11); they are termed 
Anthozoa, or flower animals. The lowermost group are 
the polypes in which digestion is performed by a simple sac 
or pouch like the common Hydra : these are classed as 
Hydrozoa, or hydra-like animals.* 

From an analysis of the stony corals, it appears that 
their composition is very analogous to that of shells, The 
porcellaneous shells, as the Cowry, are composed of animal 
gluten and carbonate of lime, and resemble, in their mode 
of formation, the enamel of the teeth ; whereas the pearly 
shells, as the Oyster, are formed of carbonate of lime and a 
gelatinous or cartilaginous substance, the earthy matter 
being secreted and deposited in the interstices of a cellular 
tissue, as in bones. In like manner some corals yield 
gelatine upon the removal of the lime ; while others afford 
a substance in every respect resembling the membranous 
structure, obtained by an analysis of the nacreous shells.f A 
recent elaborate analysis of between thirty and forty species 

* The reader interested in this subject should study that charming 
and classical work on Comparative Anatomy, Prof. Owen's *'Hun- 
terian Lectures," vol. 1. lect. vii. 

t Experiments of Mr. Hatchett. 
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of Corals bj an eminent joong American chemist (Mr. B. 
Silliman), has shown, contrary to expectation, that thej 
contain a much larger proportion of fluorine than of phos- 
phoric acid.* 

15. 6£OGEAPHI0ALDISTRIBnTIONOFCk>BAL8. — ^Iwill first 

consider the geographical distribution of the Poljparia ; in 
the next place, describe a few of the principal varieties ; 
and, lastly, review the important physical changes efiected 
by creatures so minute, and apparently so incompetent to 
produce any material alteration in the earth's surface. 

The Corals are for the most part inhabitants of the 
ocean ; many species prefer the immediate influence of 
atmospheric changes, and are seen on the rocks and plants 
left bare by the reflux of the tide, sometimes in such pro- 
fusion that the whole sur£ftce appears one animated mass. 
At the period of the great equinoctial tides, when the sea 
retires from the rocks which it has overflowed for many 
preceding months, the Polyparia, when the waters first 
recede, are full of vigour, but languish 9^ they lose their 
moisture, and perish if they remain long uncovered by the 
sea. 

Some kinds are situated on the southern slope of the 
rocks ; others, on the contrary, are attached to the opposite 
aspect, and never to the former. The larger forms are 
rarely found in places exposed to violent currents ; it is in 
the hollows of the rocks, in submarine grottoes, in the 
shelter of large and solid masses, that these species attach 
themselves. Many appear fitted to enjoy the powerful 
action of the surges, their pliant branches bending to the 

* Appendix to Mr. Dana's memoir on the " Structure and Classifi- 
cation of Zoophytes," Philadelphia, 1846. This volume is an Intro- 
duction to the " History of the Zoophytes collected by the American 
Exploring Expedition/* now in the press : the publication of this 
work of the accomplished author is looked forward to with groat 
interest by European naturalists, 
s S 2 
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movements of the v^aters, and floating in the agitated me- 
dium ; v^hile others form immoveable rocks, which increase 
slowly but surely, till they become elevated above the 
surface of the waters, and constitute reefs and islands, as 
I shall hereafter describe. 

The distribution of these animals is not solely regulated 
by the relative depths of the water ; like plants, they vary 
with the climate, and in cold latitudes the CellariaB and 
SertularisB, with a few Sponges and Alcyonia, are alone to 
be met with. As we proceed to the 44th or 45 th degree of 
northern latitude^ their number increases, and Gorgonias, 
Sponges with loose tissue, and Millepores with foliated and 
fragile expansions, appear in profusion. A little farther, 
and the coral reddens the depths of the ocean with its 
brilliant branches, and is soon followed by the large Madre- 
pores. It is not, however, before the 34th degree of 
northern latitude that the Corals become developed to the 
grandeur and importance which they afterwards attain, to 
the extent of a parallel southern latitude ; except in the 
waters of the Atlantic, around the Bermuda Islands, where 
corals abound, owing to the temperature induced by the 
influence of the Gulf-stream. It is therefore within the 
tropics, in a zone of more than 60 degrees expansion, that 
these beings, scarcely visible to the naked eye, exercise 
their empire, in a medium whose temperature knows no 
change; and from the depths of the ocean elevate those 
immense reefs, that may hereafter form a communication 
between the inhabitants of the temperate zones.* I pro- 
ceed to describe a few of the principal forms. 

16. The Sertularia, or vesicular coralline. — The 
elegant arborescent SertularuB must be familiar to every 
one who has rambled by the sea-side. This branch of the 
Sea-pine coralline {Lign, 134), and which is shown mag- 
nified in Jig, 2, exhibits the usual appearance of these 
* Lamouroux. 
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zoophytes. The Sertularia consists of tubes united together, 
and having lateral apertures for the protrusion of eaeh 
polype ; one elegant species, the Sertularia setacea, is very 




1 2 

LiGN. 134. — SZ&TULARIA, OR VESICULAR CORALLINE. 

(Sertularia nigra, Dr, Johnston.) 
Fig. 1. Natural size. 2. A portion highly magnified. 

abundant on the shores at Brighton after storms, being 
attached to fuci and other sea -weeds. This representation 
of a branch magnified sixty times {Plate V. Jig, 1) shows 
the form of the polypes, which, when fully expanded, are of 
great beauty. On one occasion, when I was present, Mr. 
Lister was observing a living specimen, when a little 
globular animalcule swam rapidly by one of the expanded 
polypes ; the latter immediately contracted, seized the 
globule, and brought it to the mouth or central opening by 
its tentacula ; these gradually opened again, with the ex- 
ception of one which remained folded, with its extremity on 
the animalcule. The mouth instantly seemed filled with 
cilia, that closed over the prey, which, after a few seconds, 
was carried slowly down into the stomach ; here it was 
imperfectly seen, and soon disappeared.* 

The Camfanularice, so named from their bell-shaped 
* Philos. Trans. 1834, p. 372. 
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cells placed on foot-stalks, are also abundant on our shores. 
PL V. fig. 2, is a magnified view of a branch of Carrvpanu- 
laria gelatinosa, with several cells ; in some the polypes 
are expanded, in others contracted. Examined alive under 
the microscope, currents of minute globules are seen con- 
stantly running along the tubes, induced by the action of 
the invisible cUia. 

17. The Gorgonia, or sea-fan. — The Gorgonia fla- 
helium^ or Venus's fan {IJjgn. 135), is a flexible coralline, 




LiGN. l35.-^GoRGONiA F^iABELLUH; one-fwentieth iiat. sizi. 
{Drawn by Mist Ellen Maria Mantell.) 

which inhabits almost every sea, and frequently attains a 
height of four or five feet. When fresh from the water it 
is of a bright yellow colour. This species exhibits the 
usual structure of the corticiferous polyparia, or zoophytes 
which are composed of an internal axis or skeleton, of a 
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tough horny consistence, having an external envelope or 
rind, that entirely invests the former. The Gorgoniae pre- 
sent great diversity of form and appearance. This specimen 
from tlie West Indies {PL Yhjir^, 2) is remarkable for its 
richness of colour, being a bright yellow, spotted with red ; 
this species, (PL YLJig. 3,) from the Mediterranean, has 
its pendant branches very elegantly disposed, and is of a 
purplish-lake colour ; in both these examples the axis is 
black, and of the consistence of tough horn. Another 
beautiful species from the Mediterranean, (the Oorgonia 
patula of Ellis,) is of a bright red, and has the openings for 
the polypes disposed in two rows ; a portion, highly mag- 
nified, is here represented, (PL V. Jig, 3,) and exhibits 
several polypes in different states of protrusion. 

These flexible Polyparia are attached to the rocks by an 
extended base, whose surface is usually deprived of the 
fleshy substance by which the other parts are invested. 
The stem which springs from the base, although in a few 
species simple, generally divides into branches, which are 
exceedingly various in their size and distributions :— double, 
single, anastomosed, pinnated, straight, and pensile ; and 
the stems are either compressed, flat, angular, or cylindrical ; 
but in all these modifications the same structure prevails — 
an axis, and an external crust or rind. The former is 
either horny, elastic, flexible, brittle, or pithy, and of a dark 
colour ; the latter a soft fleshy substance, studded with 
pores, from which the poljpes issue ; this rind becomes 
earthy and friable when dried. In the Isis, which may be 
described as a Gorgonia with a jointed stem, this structure 
is well displayed, as in this. branch of Isis hippuris {Lign, 
136, Jig. 3, p. 620), in which a portion of the cortical 
part is removed, and the axis exposed. In the water the 
various species present the most vivid hues of red, green, 
violet, and yellow. The Gorgoniae inhabit deep water, and 
are found in every sea ; but certain species appear to be 
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restricted to tropical climates. Several species of this 
genus occur in a fossil state ; a very beautiful species is 
often met with in the Maestricht limestone (aw<e, p. 320, 
Jig. 5). 

. ■ 18. The red coral ; Cor allium ruhum, — ^I advance 
to the examination of the poljparia having an axis com- 
posed of a calcareous stony substance ; and one genus of 
which possesses a skeleton of so beautiful a colour, and 
susceptible of so fine a polish, as to be largely employed for 
ornamental purposes. The R^d Coral is a branched zoo- 
phyte, somewhat resembling in miniature a tree deprived of 
its leaves and twigs. It seldom exceeds one foot in height, 
and is attached to the rocks by a broad expansion or base. 
It consists of a brilliant red stony axis, invested with a 
fleshy or gelatinous substance of a pale blue colour, stud- 
ded over with stellular polypes. This figure {PL Y.Jlg. 
9), represents a branch of Coral with several polypes, 
highly magnified, as seen alive in the water. The cortical 
or fleshy substance is removed at the extremities of the 
branch, and the red stony axis exposed. As the cells of 
the polypes are only composed of the soft animal matter 
which rapidly undergoes decomposition after death, no 
traces of their structure remain on the durable skeleton. 

The Red Coral, as is well known, is of a very hard 
and durable texture ; it is obtained by dredging in 
different parts of the Mediterranean and Eastern seas, 
and forms an important article of commerce. It varies 
much in hue, according to its situation in the sea : in 
shallow water it is of the most beautiful colour, a free 
admission of light appearing necessary for its full develop- 
ment. It is of slow growth ; eight or ten years, in a 
moderate depth of water, being necessary for it to reach 
maturity. Arrived at this period, it extends but very 
slowly, and is soon pierced on all sides by those destructive 
animals which attack even the hardest rocks ; it loses its 
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soliditj, and tlie slightest shock detaches it from its bas^* 
Becoming the sport of the waves, the polypes perislij theii* 
briUiafit skeleton is exposed, and cast upon the shore ; the 
bright colour soon disappears, and the coral, reduced to 
fragments by the attHtion of the waves, becomes mixed with 
the remains of shells and other marine exnyise ; m this 
state it is drifted inland hy the wind.% and assists in form- 
ing those acciminlatiofis of the spoils of the sea, which 
constitute many of the modern conglomerates described in 
a previous lecture (antei pp. 85, 90), 

1 9, Tu BiPOHA . — Th i s gr o u p of corals i s well kn own, from 
the elegance and beauty of one species {SaTcinnIa mJim-tilat, 
or Orgun-fytpe c&tuif}^ which is common in most collections. 
This conil is composed of parallel tubes, united by lateral 
plates, or transverse partitions, placed at regular distances j 
(PL YLfgs, 7, 9) in tliia manner large masses, eotisistmg 
of a congeries of pipes or tubes, are formed* When the 
animalcules are alive, each tube contains a polype of u 
beautiful bright green colour, and tbe upper part of tbe 
surface is coYcred with a gelatinous mass formed by tbe 
confluence of the polypes ; a magnified view of a polype 
and sections of two tubes, is here represented {PL VI. 
Jig, 7). This species occurs in great abundance on the 
coast of New South Wales, of the Red Sea, and of the 
Molucca Islands, varying in colour from a bright red to a 
deep orange. It grows in the shape of large hemispherical 
masses, from one to two feet in circumference j these first 
appear as small specks adhering to a shell or rock ; as they 
increase, the tubes resemble a group of diverging rays, and 
at length other tubes are produced on the transverse plates, 
thus filling up the intervals, and constituting a uniform 
tubular mass ; the surface being covered with a green 
fleshy substance, beset with stellular animalcules. The 
protruded polype of another beautiful species of Tubipore 
{Tuhipora 7'ubeola) is represented magnified, PL Yl, Jig, 4; 
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and a view of an expanded polype of the same seen from 
above, in Jig, 6; the polype of another species of Tubipore 
is represented in fig, 12. 
y^ 20. Madrepora. — Fn the Red Coral, no cells are 
formed by the hard skeleton to serve as a protection for the 
polypes ; but in the family of branched, or arborescent 
calcareous polyparia, called Madrepores, the little cups 
or cells, with radiating lamellae, in which the polypes are 




1 2 3 

LiGN. 136.— Recent corals. 
Fig. 1. A branch of Oculina ramea. 2. A branch of Madrepora muricata. 3. A 
branch of Isis hippuris : a, the cortical substance covered with pores, which are 
the cells of polypes; b, a branch deprived of its outer covering, and expobing the 
articulated axis or stem. 

situated, are composed of the same substance as the 
axis. When the animals die, and the outer fleshy investment 
perishes, the coral is therefore found to be studded over with 
elegant, lamellated, stellular cells, variously formed and 
arranged in the different genera and species. In some the 
cells are very distinct ; as in a Mediterranean species, the 
May-blossom Coral {OculLa rameay Lign, 136, fig, 1) ; in 
others they are exceedingly minute, as in this common 
Madrepore {M, muricata, Lign, 136, fig, 2), from the 
West Indies. The white branched corals so numerous in 
collections belong for the most part to this group. 
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When alive in the water the Madrepores are invested 
with a fleshy integument of various colours : and each cell 
is occupied by a polype, as in the zoophytes previously 
examined, llie appearance of a living Madrepore (M, 
plantaginea) with the polypes protruded, is shown in 
JPl YLJig. 5, and will serve to convey a faint idea of the 
beautiful appearance of the live corals in their native 
element. 

21. The Actinia, or sea-anemone. — In another di- 
vision of corals the cells are few, and of considerable 
dimensions, the polypes being of proportionate size, and 
bearing considerable analogy to the ActinuBy or Sea-Ane- 
moneSy which are so common on the rocks, and in the shal- 
lows on our sea shores ; a few observations on these animab 
will therefore enable us to comprehend the nature of this 
group of polyparia. The Actinia, or Sea-animal flcywer, as 
it is popularly termed, appears, when quiescent, like a sub- 
globular mass of tough jelly, of various tints of crimson, 
green, blue, or brown {see PI, VI. fig, 11); when expanded 
it presents a broad disk, surrounded by tentacula, having 
in the centre a corrugated surface, which is contracted into 
a marsupial or purse-like form. 

The Actiniae are affixed to the rocks by a broad base, but 
they can detach themselves, and change their position ; on 
the Sussex coast hundreds may be seen, at low water, in the 
hollows of the chalk-rocks which are left bare by the reflux 
of the tide. They are carnivorous and very voracious, 
feeding on the small fish, Crustacea, and mollusca, that 
come within their reach. I have kept them for months in 
sea-water, supplying them daily with meat, which they 
greedily seized, drew into the sac, or stomach, and after- 
wards ejected perfectly colourless, having absorbed the 
juices, and left the tough, muscular fibre. The body of the 
Actinia is highly contractile and full of cells : the tentacula 
are hollow tubes, which the animal has the power of filling 



622 



THE WONDERS OF GEOLOGY. 



Lect. VI. 



with sea-water, and thus causing them to protrude. The 
cells also contain water, with which the whole or any part 
of the body can be filled ; and I have observed that when 
the animal is desirous of shifting its situation, it distends 
one half of the body with water, then withdraws the base 
from the stone, and sinks to the bottom of the vessel in 
which it is contained. This plan of the internal structure 
of the Actinia {Lign, 137), will serve to illustrate these 
remarks. The surface of the stomach, and even the inter- 
nal lining of the tentacula, are abundantly furnished with 
cilia ; these zoophytes have no durable skeletons. 

22. Caryophyllia, and 
TUBBiNOLiA.— In this Small 
recent coral {Turbinolla ru- 
her) we have an example of 
a single calcareous cell, di- 
vided by vertical lamellae or 
partitions, arranged in a ra- 
diated manner. This cell is 
the skeleton or stony support 
of a single polype, having a 
double row of tubular ten- 
tacula, and bearing a great 
analogy to the Actinia ; in- 
which communicate with each other deed, the Tcccnt animal may 
rr^TSr.ur'Tr.hil^Lhi; be desmbed as an Actinia 

seen in the centre, arranged in vertical With a CalcareOUS skeleton, 

plaits or folds. fixed by its basc. The fossil 

Turhinolia {ante, p. 320, Jigs, 1, 2), and Caryophyllia 
{fig. 3.), possess a similar structure. A beautiful living 
Turbinolia, which is marked with red and white bands, 
is shown in PL VL fig, 8 : and a similar coral with its 
tentacula expanded, in ^^.14. 

• By Dr. Robert B. Todd ; Cyclopaedia of Anatomy and Physiology, 
p. 614. 




LioK. 137. — Illustration of the 

STRUCTURE OF THE ACTINIA.* 

a, a, The hase hy irhich the actinia 
attaches itself. 6, 6, Openings of cells 
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In the Caryophyllia possessing more than one cell, each 
cell contains an actiniform polype : one of those of Cfasd- 
culata, which is of a bright green colour, is represented 
I'L V. Jig. 4. In another genus, Pocillopora, the in- 
vesting fleshy integument is beautifully mottled, and the 
polypes, which are of a blue colour, are terminal, as in the 
Caryophyllia. A branch, as seen alive in the water, is 
figured in PZ. V. /^. 11. 

23. FuNGiA. — The white, disciform, lamellated corals, 
called Sea-mushrooms, or Fungia, from their fancied re- 
semblance to fungi, are among the most elegant and abun- 
dant forms of polyparia in the cabinets of collectors. These, 
in a living state, are covered with a thick, transparent, 
jelly-like substance, which fills up all the numerous radia- 
ting interstices of the calcareous laminae; in the central 
depression of the fleshy mass is situated a large polype 
with tentacula ; in the Fungia, there is but one polype — 
but one focus of vitality. In the Fungia actiniformis (^PL 
VI. fig, 15), the polype strikingly resembles the Actinia; 
the whole surface of the disk is covered with long, tubular, 
conical, prehensile tentacula, with minute terminal aper- 
tures, and striated, transverse, muscular bands ; these ten- 
tacula are protruded by the injection of water from below, 
as in the Actinia. In the Fungia the stony base is secreted 
from the inferior surface of the soft substance, and is 
attached or cemented, as it were, to the rock. 

24. AsTRiEA, Pavonia, &c. — In some of the large stony 
corals, the cells of the polypes are very numerous, and 
the coralline mass presents a surface beautifully marked 
with stellular impressions. The Astrcea viridis is here 
represented as seen alive in the sea (PL VI. fig, 13). The 
polypes in this coral are of a dark -green colour, six lines in 
length, and are protected by deep, laminated, polygonal 
cells, two lines in diameter. They are striated with longi- 
tudinal and transverse bands, and connected by a fleshy 
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layer which covers the dark brown coral; some of the 
polypes are here shown expanded, and others contracted. In 
this magnified view {PL VI. Jig, 10) of a single polype, 
the tentacula are seen expanded, or disposed around the 
prominent mouth. The appearance of groups of Astreae, 
and other corals, when viewed while the animals are alive 
and in activity, is most beautiful ; looking down through 
the clear sea-water, the surface of the rock appears one 
living mass, and the congregated polypes present the most 
diversified and vivid hues. 

The Pavonia are those corals which have deep and iso- 
lated cells, each containing a large depressed polype, very 
similar in its appearance and structure to the Actinia. PL 
\l,Jig. 1 1, represents a group of cells containing polypes, of 
the P. lactuca, from the shores of the South Sea islands. 
The polypes are of a green colour, and there is a conn act- 
ing, transparent, fleshy substance, which extends over the 
extreme edges of the foliated expansion of this elegant 
zoophyte. 

From the magnitude and muscularity of the polypes in 
these large lithophytes, and the increased number and 
strength of their prehensile organs, they are capable of seiz- 
ing and digesting more highly organized prey, than the 
delicate, minute, cellular zoophytes. 

25. Meamdbina cerebriformis ; or BraiU'CoruL — The 
large hemispherical corals, having the surface covered with 
meandering ridges and depressions, disposed in a manner 
somewhat resembling the convolutions of the brain, are 
well known by the name of Brain-stone {Lign. 138). In 
a living state the mass is invested with a fleshy substance, 
variously coloured, and having numerous, short, conical, 
polypiform, confluent cells, arranged in rows between the 
ridges. This zoophyte sometimes attains considerable mag- 
nitude ; a very beautiful specimen in the British Museum is 
four feet in circumference. The base of the Meandrina, 
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like thfit of the Fungia, is adii'?reiit to tKe rock, with whicli, 
bein^ formed of a like material^ it becomes identical. As 




( .Ifcfi n dr'i na cerrttn/tyrm i *. ) 

one fleshy mass expires, another appears, and gradually 
expands, pouring out its calcareous secretion on the parent 
mass of coral ; thus successive generations go on accumu- 
lating vast beds of stony matter, and laying the foundations 
of coral reefs and islands. We may compare, observes 
Mr. Lyell,* the operation of the zoophytes in the ocean, to 
the effects produced on a smaller scale on land, by the 
plants which generate peat ; in which the upper part of the 
Sphagnum, or peat-moss, vegetates, while the lower is en- 
tering into a mineral mass, in which the traces of organiza- 
tion remain when life has entirely ceased. In these Corals, 
in like manner, the more durable materials of the generation 
that has passed away, serve as the foundation over which 
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their progeny spreads successive accumulations of calcareous 
matter. 

26. Appearance of the living corals. — In some 
parts of the sea, the eye perceives nothing but a bright 
sandy plain at the bottom, extending for many hundred 
miles ; but in the Red Sea, the whole bed of this extensive 
basin of water is absolutely a forest of submarine plants and 
corals. Here are sponges, gorgoniae, madrepores, fungiae, 
and other polyparia, with fuci, algse, and all the variety of 
marine vegetation, covering every part of the bottom, and 
presenting the appearance of a submarine garden of the 
most exquisite verdure, enamelled with animal forms, 
resembling, and even surpassing in splendid and gorgeous 
colouring, the parterres of the East. 

Ehrenberg, the distinguished German naturalist, whose 
labours have so greatly advanced our knowledge of the 
Infusoria, was so struck with the magnificent spectacle 
presented by the living corals in the Red Sea, that he 
exclaimed with enthusiasm, " Where is the paradise of 
flowers that can rival in variety and beauty these living 
wonders of the ocean ?" Some have compared the appear- 
ance to beds of tulips or dahlias ; and, in truth, the large 
fungiae, with their crimson disks, and purple and yellow 
tentacula, bear no slight resemblance to the latter. 

The impressions produced upon first seeing a grove of 
live corals, are thus vividly portrayed by Mr. Jukes :* — 

*' In a small bight of the inner edge of the coral reef, was a sheltered 
nook, where the extreme slope was well exposed, and where every coral 
was in full life and luxuriance. Smooth round masses of meandrinaa 
and astreae were contrasted with delicate, leaf-like, and cup-shaped 
expansions of explanariee, and with an infinite variety of branching 
madreporse, some with mere finger-shaped projections, others with 



• " Narrative of the Surveying Voyage of H. M. S. Fly, in 1842— 
1846 ;" by J. B. Jukes, Esq., Naturalist of the Expedition. 
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large branching stems, and others again exhibiting an elegant assem- 
blage of interlacing twigs, of the most delicate and exquisite work- 
manship. Their colours were unrivalled : vivid greens, contrasting with 
more sober browns and yellows, mixed with rich shades of purple, 
from pale pink to deep blue. Bright red, yellow, and peach-coloured 
millepores clothed those fleshy masses that were dead, mingled with 
beautiful pearly flakes of escharae and reteporse; the latter looking 
like lace-work in ivory. Amidst the branches of the corals, like 
birds among trees, floated many beautiful fish, radiant with metallic 
greens or crimsons, or fantastically banded with black and yellow 
stripes. Patches of clear white sand were seen here and there on the 
floor, with dark hollows and recesses, beneath overhanging masses and 
ledges. All these, seen through the clear crystal water, the ripple of 
which gave motion and quick play of light and shadow to the whole, 
formed a scene of the rarest beauty, and left nothing to be desired by 
the eye, either in elegance of form, or brilliancy and harmony of 
colouring." 

27. Coral reefs. — The vast accumulations of calcareous 
rocks in tropical seas, resulting from the consolidation of 
the disintegrated skeletons of polyparia, have already been 
alluded to, but the physical changes that are produced by 
such apparently inadequate means require further conside- 
ration, since they illustrate the formation of the coralline 
rocks of the secondary and palieozoic epochs. 

In the F Lustra foliacea of our coast (ante, p. 608), deli- 
cate and brittle though it be, we perceive the elements of 
those important changes to which the large lamellar corak 
of tropical seas are giving rise. In the specimen before 
us, you may observe that the base of the mass of Flustra, 
which is about six inches in diameter, is already consolidated 
by an aggregation of sand, that has filled up the interstices. 
On the surface are numerous parasitical shells and corals, 
and between the convolutions of its foliated expansions, 
echini, Crustacea, and other animals, have taken shelter; 
while sand and mud have invested every cranny of the 
lower third of the specimen, and imbedded serpulae, sabellae, 
and fragments of many species of shells. It is evident^ 

VOL. 11. T T 
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that were the whole specimen filled up and surrounded by 
detritus, as it shortly would be at the bottom of the sea, 
a solid block would be formed, exhibiting, when broken, 
the remains of the Flustra, impacted in a conglomerate of 
sand, shells, and corals. Thus we perceive that even the 
delicate, friable, skeletons of the Flustrae of our shores, may 
become the nucleus of a solid rock; and in the process 
described, we have, as it were in miniature, the formation 
of a coral reef. 

28. C0RA.L REEF OF Loo Choo. — But it is in tropical 
seas that the Meandrinee, Astrace, CaryophyllicBy and other 
stony corals^ form those immense masses, which not only 
give rise to groups of islands in the bosom of the ocean, 
but are gradually forming tracts of such extent, that a new 
continent may spring up where the fabled Atalantis is 
supposed to have once flourished. From the many inte- 
resting descriptions of the nature and formation of Coral 
reefs and Islands, that have been published by our voyagers, 
I select the following graphic account, by Captain Basil 
Hall, of a coral reef near the great island of Loo Choo : — 

" When the tide has left the rock for some time dry, it appears to 
be a compact mass, exceedingly hard and rugged : but as the water 
rises, and the waves begin to wash over it, the polypes protrude 
themselves from holes which were before invisible. These animals 
are of a great variety of shapes and sizes, and in such prodigious 
numbers^ that in a short time the whole sur&ce of the rock appears to 
be alive and in motion. The most common form is that of a star, 
with arms, or tentacula, which are moved about with a rapid motion 
in all directions, probably to catch food. Others are so sluggish that 
they may be mistaken for pieces of the rock, and are generally of a 
dark colour. When the coral is broken above high-water mark, it is 
a solid, hard stone ; but if any part of it be detached at a spot where 
the tide reaches every day, it is found to be full of polypes of difierent 
lengths and colours ; some being as fine as a thread, of a bright yellow^ 
and sometimes of a blue colour. The growth of coral appears to cease 
when no longer exposed to the washing of the sea. Thus a reef rises 
in the form of a cauliflower, till the top has gained the level of the 
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highest tides, above which the animalcules have no power to advance, 
and the reef of course no longer extends upwards." 

29. Coral islands. — Kotzebue, Flinders, MM. Quoi 
and Gaimard, Mr. Darwin, and others, have severally de- 
scribed the formation of Coral islands ; the following is an 
abstract of their observations. 

The Coral banks are every where seen in different stages 
of progress : some are become islands, but not yet habitable; 
others are above high-water mark, but destitute of vegeta- 
tion ; while many are overflowed with every returning tide. 
When the polypes of the corals at the bottom of the ocean 
cease to live, their skeletons still adhere to each other, and 
the interstices being gradually filled up with sand and 
broken pieces of corals and shells, washed in by the sea, a 
mass of rock is at length formed. Future races of these 
animalcules spread out upon the rising bank, and in their 
turn die, and thus increase and elevate this wonderful 
monument of their existence. 

The reefs which raise themselves above the level of the 
sea, are usually of a circular or oval form, and surrounded 
by a deep and oftentimes unfathomable ocean. In the 
centre of each, there is generally a shallow lagoon with still 
water, where the smaller and more delicate kinds of zoo- 
phytes find a tranquil abode; while the stronger species 
Uve on the outer margin of the isle, where the surf dashes 
over them. When the reef is dry at low water, the coral 
animals cease to increase. A continuous mass of solid 
stone is then seen, composed of shells, echinoderms, and 
fragments of corals, united by calcareous sand, produced by 
the pulverization of the shells and of the friable polyparia. 
Fragments of coral limestone are thrown up by the waves ; 
these are cracked by the heat of the sun, washed to pieces 
by the surge, and drifted on the reef. After this the calca- 
reous mass is undisturbed, and offers to the seeds of the 
T T 2 
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cocoa, pandanus, and other trees and plants, floated thither 
by the waves, a soil on which they rapidly grow, and over- 
shadow the white, dazzling surface. Trunks of trees, 
drifted by currents from other countries, find here at length 
a resting-place, and bring with them some small animals, as 
lizards, insects, &c. Even before the trees form groves or 
forests, sea-birds nestle there, and strayed land-birds find 
9 refuge ; and at a still later period, Man takes possession of 
the newly-created country. It is in this manner that the 
Polynesian Archipelago has been formed. 

The immediate foundations of these islands are ancient 
coral reefs, and some of these, in all probability, are based on 
the cones or craters of submarine volcanoes long since extinct; 
and others on the lofty peaks of a submerged continent 
which has undergone a slow subsidence, and thus admitted 
of the growth of successive generations of the coral-secreting 
zoophytes, and the formation of immense beds and zones of 
submarine coralline rocks. There is another circumstance 
worthy of remark : most of these islands have an inlet 
through the reef opposite to the large valleys of the neigh- 
bouring land, whence numerous streams issue and flow into 
the sea ; an easy ingress is thus afforded to vessels, as well 
as the means of obtaining an abundant supply of fresh 
water. 

Of the immense extent of the changes here contem- 
plated, we may form some idea from the facts stated 
by competent observers, that in the Indian Ocean, to 
the south-west of Malabar, there is a chain of reefs and 
islets 480 geographical miles in length ; on the east coast of 
New Holland, an unbroken reef 350 miles long ; between 
that and New Guinea, a coral formation which extends 
upwards of 700 miles; and that Disappointment Islands 
and Duffy's Group are connected by 600 miles of coral 
reefs, over which the natives can travel from one island to 
another. 
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30. Formation op Coral Islands. — ^From the grand 
scale on which these operations have been carried on 
in the Pacific, and the powerful volcanic action of which 
those latitudes have been the theatre, as shown by the 
elevatory movements to which the neighbouring conti- 
nents have been subjected, the extremely small extent of 
dry land in that worid of waters is a very striking pheno- 
menon. This remarkable fact was supposed by Mr. Lyell* 
to admit of explanation, on the supposition that a gradual 
subsidence had been going on for ages over a vast area of 
the bed of the Pacific, which occasioned the solid materials 
produced by the coral zoophytes, to sink down beneath the 
waters, and therefore no considerable additions were made 
to the dry land above the level of the sea : the Polynesian 
Archipelago, and the submerged coral reefs, alone indicating 
the stupendous changes effected by zoophytal agency. This 
opinion has been confirmed by the observations of Mr. 
Darwin, whose explanation of the mode in which the for- 
mation of Coral Islands takes place, is a beautiful example 
of philosophical induction. 

The coral reefs are described by Mr. Darwin as of three 
distinct kinds, arising from the different circumstances at- 
tending their production. First, Atolls ;f secondly, harrier 
reefs, which are ridges of coral either extending in straight 
lines in front of the shores of a continent or large island, or 
encircling a group of small islands, and separated from the 
land by a deep channel of water; thirdly, fringing reefs, or 
banks of coral, superimposed on the slopes of the adjacent 
land, and at no great distance from the shore. 

By the gradual subsidence of the land, and the coincident 
upward growth of the corals, fringing reefs are gradually 
converted into barrier reefs, and the latter into Atolls. 
Hence it is inferred, that coasts merely fringed by reefs 

* Principles of Geology, Ist edition. 

•f An Indian name for the circular or lasjoon islands. 
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have not subsided to any considerable amount, but either 
have remained stationary, or been upheaved since the 
growth of the coraL When a barrier reef, encircling 
an island, gradually sinks down, the corals go on growing 
vigorously upwards ; but, as the island sinks, the water 
gains inch by inch on the shore, and the mountain-tops at 
length become separate islands, within one great reef; and 
ultimately the highest pinnacle disappears, and a perfect 
Atoll is formed. Hence lagoon islands, having originated 
from encircling barrier reefs, resemble them in general size 
and form, and in the manner in which they are grouped 
together ; and they may be regarded as outline charts or 
models of the sunken islands they now surmount. By this 
theory of the upward growth of polyparia during the sub- 
sidence of the land on which they are based, Mr. Darwin 
satisfactorily explains all the leading phenomena of those 
marvellous structures, the barrier reefs ; and of those fairy 
coral islands that begem the vast expanse of the Pacific, and 
flourish in the midst of its mighty billows. The narrow 
belt of land of these insular zones, frequently but a few 
hundred yards wide, is surrounded by a deep and often 
unfathomable ocean, and encloses a lake of tranquil water ; 
it is crowned with cocoa-nut trees, clothed with a luxuriant 
tropical vegetation, and begirt with a beach of glittering sand, 
on which are constantly dashing the snow-white breakers of 
the azure sea. Nowhere, as Mr. Darwin beautifully remarks, 
can be found such wonderful proofs of the power of vita- 
lity to repel the influence of mechanical force ; for the 
breakers far exceed in violence those of our temperate 
regions, and it is impossible to behold them without feeling 
a conviction, that rocks of quartz or granite would speedily 
be demolished by such irresistible agents ;* and yet there 
stand, immoveable, those marvellous monuments — 

* See Mr. Darwin's delightful volume, "On the Structure and 
Distribution of Coral Reefs." 
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'' Baised by the feeblest creatures in existence," 

unscathed by the raging billows, and smiling with perpetual W 
verdure — ^the oases of that vast wilderness of waters I 

31. Montgomery on Coral Islands. — The formation 
of islands and continents by the vital energies of countless 
m3rriads of minute beings, the unconscious living instruments 
of stupendous physical chauges, is invested with so much of 
the sublime and the marvellous, as to form a subject alike 
calculated to engage the attention of the philosopher, and to 
excite the imagination of the poet ; and I am tempted to 
relieve this detail with the following beautiful lines by 
James Montgomery :* — 

" I saw the living pile ascend. 
The mausoleiim of its architects. 
Still dying upwards as their labours closed ; 
Slime the materials, but the slime was turned 
To adamant by their petrific touch. 
Frail were their frames, ephemeral their lives. 
Their masonry imperishable. All 
Life's needful functions, food, exertion, rest. 
By nice economy of Providence, 
Were overruled to cany on the process. 
Which out of water brought forth solid rock. 
Atom by atom, thus the mountain grew 
A Coral Island, stretching east and west ; 
Steep were the flanks, with precipices sharp. 
Descending to their base in ocean gloom. 
Chasms few, and narrow, and irregular, 
Form'd harbours, safe at once and perilous — 
Safe for defence, but perilous to enter. 
A sea-lake shone amidst the fossil Isle, 
Reflecting in a ring its cliffe and caverns. 
With heaven itself seen like a lake below. — 
Compared with this amazing edifice. 
Raised by the feeblest creatures in existence. 



From *' The Pelican Island," by James Montgomery. 
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What are the works of intellectual man. 

His temples, palaces, and sepulchres 1 

Dust in the balance, atoms in the gale, 

€ompared with these achievements in the deep, 

Were all the monuments of olden time I 

Egypt's grey piles of hieroglyphic grandeur. 

That have survived the language which they speak. 

Preserving its dead emblems to the eye. 

Yet hiding from the mind what these reveal ; 

Her Pyramids would be mere pinnacles. 

Her giant statues, wrought from rocks of granite. 

But puny ornaments for such a pile. 

As this stupendous mound of catacombs, 

Fill'd with dry mummies of the builders, worms ! " 

32. Fossil Zoophytes. — The conditions under which 
corals and other zoophytes are preserved in the mineral 
kingdom, and the formation of conglomerates from the 
debris of corals and shells, have been described in the pre- 
vious lectures ; in this place I shall offer a cursory review 
of the geological distribution of fossil zoophytes, without 
entering upon details which will be found more or less fully 
exemplified, in the account of the organic remains of the 
respective systems of deposits. 

The coralline limestones now forming on the shores of the 
Bermuda Islands {ante, p. 85), and conglomerates on those 
of the Isle of Ascension (p. 90), prove that at the present 
time accumulations of calcareous stone are going on, similar 
in character to many of the fossiliferous deposits of the 
Chalk, Oolite, and other ancient formations. Mr. Darwin 
has observed a similar effect in the Pacific, where disin- 
tegrated coral reefs give rise to vast deposits of calcareous 
detritus, which, when dry, closely resembles soft chalk. In 
the West Indies, blocks of silicified meandrinae, astraeae, and 
other reef-forming species, are abundantly distributed in the 
superficial alluvium of Antigua and other islands. The 
pliocene, or newer tertiary, of Palermo, abounds in corals of 
species that still inhabit the Mediterranean. In the Crag, 
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there are numerous existing species of corals, with many 
extinct, or unknown as natives of the adjacent seas. The 
miocene of North America contain many kinds of polvparia, 
some of which appear to be peculiar to those strata.* In 
the eocene deposits there are several extinct genera and 
many species, associated with some living forms. In the 
Chalk formation corals are locally abundant, in the sandy 
and argillaceous strata (as at Maestricht) ; but throughout 
vast areas of the fine white chalk, there are no considerable 
beds of corals, nor appearance of coral reefs : the species 
are, for the most part, small and delicate (antey p. 319). 

The manner in which the remains of polyparia are dis- 
tributed in the white chalk involves an interesting inquiry ; 
they occur promiscuously intermingled with shells, echini, 
and fishes ; we find no beds of corals — nothing to point out 
the former existence of reefs. This phenomenon, however, 
is in accordance with the general lithological character of 
the Chalk formation, and the nature of its organic remains ; 
both of which indicate a profound ocean. As polyparia can 
only exist at moderate depths, the occurrence of coral reefs 
was not to be expected, except in those areas which may be 
supposed to have been formed in the shallows, or near the 
sea-shores. 

In the Danish islands of Seeland and Moen, the flinty 
chalk is covered by coral limestone, some portions of which 
form a compact building-stone, while others are mere masses 
of coral cemented together by a white detritus. These beds 
belong to the chalk formation, for although they abound in 
univalve shells not common in our cretaceous strata, yet a 
large proportion of the sponges, corals, echinites, and 
belemnites, are identical with those of the English Chalk. 
Mr. Lyell therefore infers, " that the peculiarity of the fossil 

* See report on Corals from the Tertiary Formations of North 
America, by Mr. Lonsdale ; Qeol. Journal, vol. i. p. 495. 
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fauna of Faxoe* was produced more by geographical condi- 
tions, such, for example, as the local shallowness of that part 
of the cretaceous sea, than by any general change in the 
creatures inhabiting the ocean, effected in the period that 
may have intervened between the formation of the white 
chalk and the Faxoe limestone." 

The remains of sponges are very frequent in the flinty 
chalk, and in many places not only do they swarm in the 
limestone, but also in the flints ; so that almost every nodule 
1 2 
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LiGN. 139. — Fossil Pokiferous Zoophytes ; f&om Fabinodon, Berks. 

(Collected and drawn by Miss Ellen Maria Mantell.) 

Fig. 1. Tragos peziza. 3. Verticillipora anastomosans. 
2 and 4. Scyphia. 5. Tragos f 

encloses a sponge or other porjferous zoophyte. The green- 
sand in some localities contains immense numbers of poriferae. 

* A locality in Denmark, where these deposits are best displayed. 
See Geol. Trans. Vol. v. new series. 
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The grayd pits, as they iare called, in the neighbourhood of 
Faringdon, in Berkshire, are extremely prolific in fossils of 
this kind. These beds consist of a coarse friable conglome- 
rate, formed of sand, shells, corals, echinoderms, and the 
debris of other marine animals, impregnated with iron ; 
some layers of concretionary indurated masses occur, origin- 
ating from infiltration of carbonate of lime. 

They contain myriads of perfect shells and porifer» ; 
casts of nautili and ammonites ; waterwom oolitic belemnites. 




LiGN. 140. — Fossil zoophyte from Faringdon. 
(Chenendopora fungiformis.) 

and shells ; teeth of fishes, &c. In a few visits to these 
quarries I collected numerous specimens of nautili, belem- 
nites, ammonites, ostreae, terebratulse, and echinites and their 
spines ; milleporae, tubiporas, and several minute corallines, 
with many varieties of the Spongiadae (see Lign. 139), and 
some zoophytes whose affinities have not yet been deter- 
mined. The Verticillipora anastomosans {Lign. 139, j^* 
3) is a very elegant coral, often met with in this locality. 

One of the most abundant and perfect of the Poriferae, 
is a cyathiform zoophyte {Lign, 140), called by the 
quarrymen " Petrified salt-cellar ; " it is of a porous 
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structure, and the inner surface is covered with oscula, or 
little openings. 

33. Ventriculites op the Chalk. — A very elegant 
and interesting family of Zoophytes, described by me in 
an early memoir (published in the " Linnaean Transactions," 
Vol. xi.), and subsequently named Ventriculites, occurs 
in the Sussex and Wiltshire chalk in such numbers, 
and under such dissimilar forms, as to require a passing 
notice in this place ; especially as the subject has re- 
cently been investigated by a gentleman of distinguished 
ability.* After mature reflection, and the re-examina- 
tion of such specimens as are within my reach, I see 
no reason whatever to alter a single word in the fol- 
lowing description, taken from my late work on fossil 
remains, t 

" The original form of the Yentriculite was that of a funnel, or 
hollow inverted cone, terminating in a point at the base, whence 
numerous fibres proceed, by which it was attached to other bodies. 
The outer integument was reticulated— that is, disposed in meshes 
like net-work, and the inner surface was studded over with regular 
openings ; the orifices of tubular cells, each of which was probably 
occupied by a polype. The substance of the polyparium, or frame-work, 
of this aggregation of animalcules, appears to have been analogous to 
that of the soft alcyonia, and to have possessed a common irritability. 



* On the Ventriculidse of the Chalk, by J. Toulmin Smith, 
Esq.— ^WTi. Nat. Hist. No. 131, p. 73. 

I cannot admit the correctness of Mr. Toulmin Smith's interpre- 
tation of the appearances described in the text; of the accuracy of 
his beautiful microscopic examination of the intimate tissue of these 
zoophytes I have no doubt ; and will only remark, that the octa- 
hedral form, represented as that assumed by the inosculating fibres 
of the membrane of the Ventriculidse (Ann. Nat. Hist. pi. vii. fig. 8), 
is a very extraordinary anomaly in animal structures. 

t Medals of Creation, vol. i. p. 274. The figures in Lign. 60, 
61, and 62, of that work, though on a small scale, are accurate repre- 
sentations of the originals. 
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and been able to expand and contract.* This opinion is based on the 
circnmstance, that some specimens occur in which the zoophyte is in 
the form of a nearly flat circular disk, and others in that of a sub- 
cylindrical pouch ; in the former state, the outer reticulated structure 
is elongated, while in the latter, it is contracted and corrugated. The 
polype-cells are cylindrical and very regular ; the flints often present 
beautiful casts of them, which appear like rows of minute pillars on 
the inner surface.*' f 

When the flint that fills up the cavity of a Ventriculite 
can be extracted, it is a solid cone, haying its surface 
studded over with papillsB, which are casts of the orifices 
of the polype -cells. When the enclosed polyparia in flint 
nodules have perished, chalcedony, and quartz crystals, and 
'., sometimes crystallized pyrites, are found filling up, more 
or less completely, the cavities left by the decayed parts of 
the zoophyte.J 

34. Zoophytes of the Jurassic formation. — The 
Oolite, as we have previously remarked, abounds in corals, 
and contains beds of limestone which are merely coral- 
reefs that have undergone no change but that of elevation 
from the bottom of the deep, and the consolidation of their 
materials. The Coral-rag, in fact, presents all the cha- 
racters of modern reefs ; the polyparia belong to Astrcece, 
Caryophyllicej Madreporce, Meandrince, and other genera 
which principally contribute to the formations now going 
on in the Pacific. Shells, echini, teeth and bones of fishes, 
and other marine exuviae, occupy the interstices between 
the corals, and the whole is consolidated by sand and 
gravel, held together in some instances by calcareous, in 

* As in the Flustrse and PennatulaB previously described {ante, 
p. 610). 

t See Op. cit. pp. 269—278. 

X I beg to refer to my paper on a '* Microscopic Examination of 
Chalk and Flint," published in Ann. Nat. Hist. 1845 ; and " Geo- 
logical Excursions round the Isle of Wight," pp. 179 — 184, for a par- 
ticular account of the silicification of these and other zoophytes. 
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Others by siliceous infiltrations.* Large masses of a cel- 
lular coral {Eunomia radiata) abound in the limestones 
of the Great Oolite. The corals, shells^ &c. are for the 
most part of extinct species and genera. Those who have 
visited districts where the Coral-rag forms the immediate 
sub-soil, and is exposed to view in the quarries, or in 
natural sections, must have been struck with the resem- 
blance of these rocks to modern coral-banks. We know 
that in our present seas all situations and circumstances 
are not alike favourable to the existence and growth of 
polyparia ; in some parts of the ocean they abound, and in 
others are altogether wanting. In like manner in the 
deposits of the Jurassic formation, which extend over a 
great part of Europe, and have been formed in a sea of 
vast extent, beds of coral are not universally distributed, 
but occur only in certain districts ; in other words, they 
occupy the situations which in their native seas presented 
the conditions required by their peculiar organization. 

The Lias contains comparatively but few polyparia ; and 
the Trias only a small number, including three or four 
species of Grorgonia, three of Retepora, and one of Astrasa. 

35. Corals of the Palaeozoic Formations. — The 
Mountain limestone of the carboniferous system, which 
will come under our notice in the next discourse, abounds 
in the cellular, and lamelliferous zoophytes : and many of 
the deposits of the Devonian and Silurian systems, teem 
with anthozoan corals ; for the most part of peculiar forms, 
and typical of particular groups of strata. The corals of 
the Silurian deposits of England, f equally prevail in the 
corresponding strata of North America. J 

* In the chert of the Portland oolite of Tisbury, Wiltshire, massee 
of a beautiful silicified coral occur ; a fragment of a polished section 
is shown in Lign. 141, Jig. 9. 

f Sir R. I. Murchison's " Silurian System," vol. ii. 

t See Professor Hitchcock's " Geology of Massachusetts," and Pro- 
fessor Hall's " Geology of the State of New York." 
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This wide geographical range of the same types of coral- 
line zoophytes, seems to indicate a more equal temperature 




Lion. 141.— Fossil corals. 

Fig. 1, 3. Cyathophyllum turbinatum; Wenlock limestone, Dudley. 

— 2. Fungialenticulata; Dudley. 

— 4. Surface of Astraea ananas ; Devonshire. 

— 5. Syringopora geniculata ; Mountain limestone ; Mendip Hills. 

— 6. Caryophyllia annularis ; Coral-rag; Wilts. 

— 7. Millepora; Coral-rag; Faringdon. 

— 8. Lithostrotion striatum ; Mountain limestone ; Yorkshire. 

— 9. Surface of Astrsea Tisburiensis ; Portland Oolite; Wilts. 
— 10. Coralline Marble ; Devonshire. 



in the seas of those remote epochs than at present prevails ; 
for the reef-forming genera do not now exist in waters of 
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a temperature under 70", and are therefore, with the excep- 
tion of the Bermudas (ante, p. 614), restricted to inter- 
tropical regions.* 

The simple turbinated corals, consisting, like the Fungia 
{PL VI. Jig. 8), of a soHtary cell {Llgn, 141, Jig. 1. 3), 
are found in great abundance and perfection in the Silurian 
limestones of Dudley, Wenlock, &c. ; and are associated 
with numerous large stony corals, and the elegant branched 
Cyathophylla, Tubiporidae,t &c. Of the latter, the Wen - 
lock limestone (in North America, as well as in England), 
contains a genus of singular beauty, and which, from the 
appearance presented by cross sections, is known by the 
name of Chain-coral (Catenipo7'a escharoides; Lign, 143, 
Jig. 3). The tubes of this coral being oval, and arranged 
perpendicularly side by side in undulating lines, display in 
the transverse sections elegant markings resembling the 
anastomosings of delicate chains. 

The fossil branched polyparia, termed Lithodendron,t 
form continuous layers, or reefs, in the mountain limestone 
of L'eland ; and on the weathered surface of the stone, the 
corals stand out in relief, as sharp as in the rocks of a 
recent lagoon. 

The Syringopor8e,§ which consist of clusters of parallel 
tubes, laterally united like the recent Tubipore {PI. V. Jig. 
9), prevail in many of the beds of mountain limestone, and 
give rise to elegantly figured marbles {Lign. 143, Jig. 2). 

36. Coralline Marbles. — Certain limestones, largely 
composed of corals, in which the interstices have been 
filled up by calcareous spar, and the inclosed zoophytes 

♦ See " Medals of Creation" for figures and descriptions of nume- 
rous fossil corals, vol. i. chap. viii. 

f See the exquisite lithographs, by Mr. Scharf, in Sir R. I. 
Murchison's " Silurian System." 

X " Medals of Creation," Lign. 55, pp.257, 303. 

§ Ibid. p. 297. 
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more or less transmuted into the same substance, are sus- 
ceptible of a high polish, and constitute some of the most 
beautiful marbles. The limestones of Babbicombe, and 
Torquay, in Devonshire, and those of Clifton, owe their 
markings to the petiified zoophytes of which they are in 
a great measure made up. The black Kilkenny marble is 
mottled with varied and elegant figures of the purest white, 
which are sections of corals and shells transmuted into 
calcareous spar. 




LiGK. 142. — Favosites polymokpha ; a sectiok of a POLisnEo 

PEBBLE, FROM TORQUAY. 

(Drawn by Mia Jane Allnutt.*) 

Many of the pebbles thrown up by the waves on the 
shore along the coast of Devonshire, are water- worn frag- 
ments of the coralline limestones of that country, and when 
cut and polished, display exquisite sections of the enclosed 
corals {Lign. 143).t 

* From a beautiful specimen in the possession of Mrs. Allnutt, of 
Clapham Park. 

t The form and structure of the species of coral, of which a section 
appears in this polished pebble, are shown in Lign. ^Q, Medals of 
Creation, vol. i. p. 295. 

VOL. n. U U 
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A reddish marble^ beautifallj marked bj the sections of 
the enclosed Tnbipores, and sosceptihle of a good polish, 
is quarried in scmie parts of Derbyshire {Lign. 143, Jig. 2\ 
Mr. Parkinson ascertained that the hue of this marble is 
dependent on the original colour of the coral, which, pro- 
bably, like the recent tubipore {awte, p. 619), was of a rich 
scarlet hue. 

1. 2. 




LiGM. 143.— Coralline Marbles. 

Fig. 1. Silurian limestone, composed of a species of Syringopora; Dudley. 

— 2. Polished section of a marble formed of Syringopora struet; Derby- 

shire. . 

— 3. Chain-Coral {Cateniporaescharoides); Dudley. 

I have mentioned {ante, p. 609), that the earthy matter 
of the recent corals, like the phosphate of lime in the bones 
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of animals, is secreted by a membranous structure, and that 
if the lime be removed by a chemical process, the tissue will 
be rendered manifest. Few, however, will be prepared 
to learn, that even in corals which have been entombed 
in the solid rock for innumerable ages, the animal mem- 
brane can be detected. To my late friend, Mr. Parkinson, 
we are indebted for the knowledge of this interesting fact. 
He immersed a piece of marble {lAgn, 143, fig. 2) in 
dilute muriatic acid, which has the property of dissolving 
calcareous earth, but cannot affect animal matter : to em- 
ploy his own words, " as the calcareous earth dissolved, 
and the carbonic acid gas escaped, I was delighted to 
observe the membranous substance depending from the 
marble in light flocculi, of a deep red colour ; and although 
not retaining the tubular form of the original coral, yet 
appearing in a beautiful and distinct manner."* 

37. Crinoidea, or Lilt-shaped animals, f — The 
Echinites, so numerous in the chalk {ante, p. 327), and the 
Star-fishes, which are more sparingly distributed in the 
cretaceous strata {ante, p. 327), are referable to the same 
group of marine animals as those to which I would now 
direct your attention. All these creatures belong to the 
class Hadiaria, so named from the different parts of which 
they are composed being arranged symmetrically around 
one common centre. This structure is exemplified in 
the Asterias, or Star-fish, that abounds on our c^asVn, 
and must be familiar to every one. This animal has a 
central disk containing the mouth and viscera, from 
which proceed five long arms, or rays; the skeleton is 
composed of numerous little bones, enveloped in a tough 
integument. These bones, or ossicula, are calcareous; 
and are in close apposition over the body, but are articu- 

* Organic Remains of a Former World, vol. ii. p. 181. PI. I. 

MS. 

t Medals of Creation, chap. ix. 

u u 2 
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lated together in regular series along the margins of the 
rays, which are therefore strong and flexible. A longitu- 
dinal furrow extends from the mouth to the extremity of 
each ray, the sides of which are perforated by alternating 
rows of pores, for the exsertion of tubular tentacula. 

Some kinds of Star-fish (the Comatulce, or Feather Stars), 
instead of the five flat rays, have jointed arms, that pro- 
ceed from a central cup-shaped calcareous base, and divide, 
and subdivide into delicate jointed tentacula, the sides of 
which are fringed with rows of still smaller articulated 
pinnae, or processes.* Now, if we imagine a Comatula 
placed with its mouth upwards, and fixed on the top of a 
jointed stem by the centre of its dorsal surface, we have the 
essential type of the Crinoideans, or Lily-shaped animals, 
so named from a fancied resemblance of some of the species 
when in a state of repose to a closed lily. The only known 
living genus of this family inhabits the seas around the 
West Indies ; and of this sole representative of the nume- 
rous crinoideans of the palaeozoic ages, but five or six speci- 
mens have been brought to Europe. It belongs to that 
subdivision in which the joints of the column are penta- 
gonal, and is therefore named Pentacrinus. 

38. Structure of the Crinoidea. — From this recent 
example {Zdgn. 144), which does not essentially differ from 
the extinct forms, an accurate knowledge of the structure 
of these curious animals has been obtained. The Cri- 
noideans are characterized by having a root or process of 
attachment, by which they are fixed at the base to the rock ; 
a stem composed of numerous articulations, or separate 
pieces of a solid calcareous substance ; and a cup or vase 
at the summit of the stem, which contains the body or 
viscera of the animal, and from the upper border of which 



* The living British Star-fishes are beautifully figured in Professor 
E. Forbes's charming work, published by Van Voorst, 1841, 
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proceed articulated arms or tentacula. When the animal 
is alive, the skeleton is covered by a soft integument, as in 
the Star-fishes ; the mouth is situated on one side of the 
centre of the receptacle, which is surrounded by the arms 




LiGN. 144. — The body, and upper part of the stem of a 
Pentacrinus. 

(From the West Indian Seas.) 



that spread out and expand into a net to capture the living 
prey, and, like the tentacula of the hydra, seize and convey 
it to the mouth. I scarcely need remark that the Crinoidea 
are individual organisms, and are never aggregated and 
united by one common axis, as are the compound Polyparia 
that lately engaged our attention. There are some fossil 



648 



THE WONDERS OF GEOLOGY. 



Lbct. VI. 



crinoideans destitute of a stem, and these must have been 
free animals, floating at liberty through the water, like the 
recent Feather-stars. 

The number of ossicula in the skeleton of a single encri- 
nite is computed at thirty thousand ; but in the more com- 
plicated Pentacrinites they exceed one hundred and fifty 
thousand, and in the plumose Encrinites must amount to 
hundreds of thousands. The detached ossicula occur in 
myriads in the Mountain limestone and Silurian rocks, 
and the relics of one species alone forms thick beds of 
marble. 
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LiGN 145.— Stems of Encrikites and Pentacrinites. 

Fig. 1. Screw, or Pulley-stone ; a cast in the hollow of an encrinital column. 

2, 4. Articulating surfaces of different kinds of encrinital ossicula. 

3, 5. Portions of encrinital stems, or Entrochi. 6, 8, 10. Stems of Pentacrinites. 
7, 9. Separate ossicula of Pentacrinites. 



39. Encrinites and Pentacrinites. — The fossil re- 
mains of Crinoidea consist of the ossicula of the column, 
arms, and tentacula ; of the plates of the vase or receptacle ; 
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and of the peduncle or process of attachment, by which the 
base of the column was permanently fixed to the rock. The 
separate bones of the column were called trochiteSy or wheel- 
stooes, by the early collectors ; and several united, entro- 
chites. In the north of England they were popularly 
known by the name of fairy-stones, and St. Cuthbert's 
beads : the circular perforated kinds are occasionally found 
in tumuli, having been worn as ornaments by the ancient 
Britons. These bodies present considerable variety in 
form, and their articulating surfaces are marked with 
diversified floriform and stellular figures ; as in the series 
of specimens before us {Lign. 145). The central perfora- 
tion, which is circular and very small in some species, 
and large and pentagonal in others, forms in the united 
column a channel from the receptacle to the base, which 
is supposed to have contained a chord of nervine or me- 
dulkry matter. The inner part of the ossicula seems to 
have been more perishable than the external zone ; for the 
latter is often filled up either with spar, or the material 
of tbe surrounding rocks. In the siliceous veins and 
bancs of chert that pervade some of the limestones of 
Derbyshire, the curious fossils termed pulley- stones often 
occur ; these are casts formed by the infiltration of 
silex into the cavities *of encrinital columns {Lign. 145, 

Jig- !)• 

The skeletons of the Crinoidea, like the stony fabric of 
the corals, were, of course, secreted by the animal mem- 
brane ; and, as in the fossil tubipore {ante, p. 645), this 
tissae may be detected. Upon submitting some encrinital 
ossicula from the Derbyshire limestones to the action of 
weak acid, the calcareous earth was removed, and the origi- 
nal membrane appeared in transparent flocculi.* 

40. Derbyshire encrinital marble. — Some of the 

* See Parkinson's Organic Remains, vol. ii. p. ^QQ. 
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Strata of mountain limestone consist entirely of remains of 
Crinoidea, principally of one species of the Encrinites, or 
cylindrical stems ; and in Derbyshire some of the beds foraa 




Lion. 146. — Emcrimtal marble of Dsrbtsbire. 

Fig. 1. Enirochites, or fragments of stems of Encrinites, lying in relief on a block of 
limestone. 
2. Polished slab of Derbyshire encrlnital marble. 

a compact marble {Lign. 146), which is largely employed 
for chimney-pieces and other ornamental purposes. 
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In the quarries on Middleton Moor, a short distance from 
Cromford, in Derbyshire, extensive quarries of this marble 
are worked, and abundance of these fossils are everywhere 
scattered about. The cavities of the entrochites are often 
filled with white calcareous spar, while the ground of tlbe 
marble is of a dark reddish brown. In other varieties the 
substance of the fossils is white and the ground dark grey or 
brown: both kinds when worked into polished slabs or 
ornaments, are very beautiful and interesting. A specimen 
of the limestone with the crinoideal columns in relief, is 
represented Lign. 1^6, Jig, 1 ; and a polished slab in fig. 2. 

41. The lily encrinite. — One of the most elegant of 
the fossil crinoidea is the Lily Encrinite, which, as already 
stated, occurs only in the Muschelkalk of the Triassic system 
of Germany {ante, p. 549), and is principally found in one 
locality, near the village of Erkerode, in Brunswick. The 
structure of this zoophyte is beautifully exemplified in the 
fine specimen before us {Lign, 124), which was formerly in 
the collection of Mr. Parkinson. The stem of this species 
is remarkable, from being constructed of ossicula alter- 
nately large and orbicular, and small and cylindrical, thus 
forming a column of great flexibility. The pelvis resembles 
in shape a depressed vase; the upper part of its cavity 
appears to have been closed by an integument protected by 
numerous plates, the mouth of the animal being situated 
near the centre. 

It will elucidate this subject if we examine this specimen 
of a Marsupite, in which the bases of two of the arms are 
preserved {Lign, 147). A vertebral column attached to 
the central plate, at the base of this crinoidean, would 
convert it into an Encrinite; and in the large expanded 
plates of the receptacle, and the strong and simple ossicula 
of the arms, we have the elements of the more complicated 
and highly ornamented fabric of the Lily Encrinite. In an- 
other specimen of Marsupite (now in the British Museum) 
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the plates which covered the opening of the receptacle are 
preserved.* The Marsupite may therefore be considered 




LiGN. 147.— Marsopite from the chalk, hear Arukdel. 

(Collected and drawn by G. A. Coombe, Eiq.) 

Fig. 1. A plate with the base of one of the arms attached. 2. Lateral view of one 
of the arms. 3. The Ouieuloy by which the arms are attached to the body. 
4. The Marsupite, with the first five ossicula of two of the arms attached to the 
brim of the ossicula. 

as a free Encrinus — a link that unites the Crinoideans with 
the Star-fishes ; the form of the perfect skeleton was shown 
in a previous lecture, when treating of the Radiaria of the 
Chalk (p. 526). 

42. Pear Encrinite op Bradford, f — A smooth species 
of Encrinite, which, from the body having a pyriform shape, 
has received the name of Pear Encrinite, occurs in con- 

* See Fossils of the South Downs, PI. XVI. fig. 6. 
f Medals of Creation, p. 318. 
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siderable numbers in the oolite near Bradford in Wilt^re, 
under the interesting circumstances alreadj mentioned 
(p. 505). 

The receptacle of this En- 
crinite is very smooth, and 
crossed transversely by fine 
linea where the plates of which 
it is composed unite. The 
stem is short, smooth, and 
strong; the arms are simple, 
and bear considerable resem- 
blance to those of the Marsu- 
pite. In this drawing {Lign, 
l4Sy Jig. 1), reduced from Mr. 
Miller s beautiful work on the 
Crinoidea, a group of these 
animals is represented as if 
alive in the water. A few 
perfect specimens have been 
obtained ; but the body is usu- 
ally found deprived of the 
arms, and broken off at the top 
of the column (Jig, 2): the 
vertical polished section (Jig. 
3), shows the form and ar- 
rangement of the plates com- 
posing the receptacle. 

A small species of this 
genus is found in the white 
chalk.t 

43. Pentacrinites, Actinocrinites, &c.J — In the 




■Feab Emcrimitk or 
Bradford. 

{Jpiocrinitet rotundus.)* 

Fig. 1. A group ot Apiocrinitest repre- 
sented as alive in the water ; some 
with the tentacula expanded, 
others closed. 

2. Body of the Fear Encrinite. 

3. A vertical section of the same. 



* From Mr. Miller's History of the Crinoidea. 
f Apiocrinites eUipticus; Medals of Creation, p. 321, Lign, 71. 
t " Medals of Creation," p. 321, Lign. 71. 



654 



THE WONDERS OF GEOLOGY. 



Lect. VI. 



Pentacrinites the ossicula composiDg the columns are 
pentagonal, but in some species they have only four angles 
{Lign. 145, fig. 10) ; and in some the angles are acute, in 




LiGN. 149. — CaiMOIDEA FROM THE MOUNTAIN LIMESTONK, AND SlLURIAN 
FORMATIONS. 

Fig. 1. C3'athocrin!te8 pyriformis, from the Wenlock limestone. {SirR.I.Mur- 
chiaon'a Silurian System, PI. 17, fig. 6.) 
2. Restored figure of Actinocrinites from the Mountain limestone. {Miller's 
Crincidea, p. 96.) a, the root-like processes of attachment; b, the side- 
arms ;^ c, the pelvis ; d, the arms or tentacula. 

others rounded. The stems are furnished with numerous 
side-arms (see the recent specimen, Lign, 144), and the 
tentacula subdivide into innumerable branches, which ter- 
minate in delicate articulated rays. Allusion has already 
been made (p. 526) to the abundance and extreme beauty 
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of the Plumose Pentacrinites of the Lias shale at Lyme 
Kegis, and other localities in Devonshire and Somerset- 
shire. 

Many other genera of this 
numerous family have been 
discovered, and are figured 
and described by Miller and 
other naturalists.'*' In some 
instances the receptacle is 
closed, the tentacula being 
retracted or bent inwards, as 
if the animal had been in the 
act of conveying prey to its 
mouth, at the very moment 
of its becoming enveloped in 
its rocky sepulchre {Lign, 
I49yjig. 1). In other exam- 
ples, the skeleton lies in relief, 
with the arms spread out as 
if the creature, while floating 
at its ease in the water, had 
been suddenly surrounded and 

,,."', , y . Lign. 150.— Cup-like encbinite. 

entombed m the stone (loan. ,^ ,^ . ., , , 

1 {Cyalhocrtnttes plantu.) 

150). The elegant plumose en- prom the Mountain-limestone, Clevedon, 
Crinite ieTmedActinOCfi7liteS,^ Somersetshire. 

occurs in a beautiful state of preservation in the Mountain 
limestone ; the form of the original is represented in this 
drawing (Lign, 149, Jig, 2). The receptacle of the Actino- 
crinite is constructed of numerous plates, which in many 
species are richly ornamented ; and some have the 

* For a more particular account of the natural history of this tribe 
of animals, consult the second volume of Parkinson's Oiganic fie- 
mains; and Miller's Natural History of the Crinoidea, or Lily-shaped 
Animals, 1 vol. 4to. with numerous plates, 1827. 

t ActinocriteSf signifying the Radiated Lily-shaped animal 
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surface granulated in a radiating manner, like those of 
certain varieties of the Marsupite. In another genus, the 
Cyaihocrinites {Lign, 150), the receptacle is very simple, 
and composed of but few plates : the ossicula of the columns 
in the Actinocrinites and Cjathocrinites are round and 
smooth : a beautiful specimen of the cup-shaped Encrinite is 
represented, of half the natural size, in lAgn. 150. 

44, Pentremites and Cystidea. — The species and 
eyen genera of the fossil Crinoidea are so numerous, that 
their bare enumeration would require more space than we 
can allot to the subject, and I vdll only notice two of the 
most remarkable types. 

Pentremites. These Lily-shaped animals seem to hold 
an intermediate space between the Echinites and the 
Encrinites. Their receptacle consists of five petaloid divi- 
sions united by corresponding series of plates, which meet 
in a point at the summit. Each petal is divided by a 
groove, and is perforated near the apex. They have a 
very short pedicle. These Crinoideans are so abundant 
in some of the cherty beds of the mountain limestones of 
Kentucky,* that the rocks have acquired the name of Pen- 
tremital limestone. Seven species occur in the mountain 
limestone of Yorkshire. 

Cystidea, In the oldest of the fossiliferous strata tliere 
occur certain crinoideans, of a type which is supposed to 
be restricted to the ancient palaeozoic periods. These 
fossils are distinguished by Baron Von Buch by the names 
of Cystidea. The receptacle is of an oval form, composed 
of numerous polygonal plates articulated together, and 
having the necessary apertures on the side of the cup 
required by the economy of the animal; it has a short 
pedicle. The Cystidea are supposed to be destitute of true 
arms, but some observers doubt the correctness of this con- 
clusion; they comprise several genera, and are the first 

* Journal of the Acad. Nat. Sciences of Philadelphia, for 1820. 
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forms in which the Crinoidea appear in the natural records 
of our planet. 

And here I must conclude this very general notice of 
this interesting family of Crinoideans, which is of ezces- 
siye rarity in the present seas, but swarmed in the ocean of 
the Silurian epoch, in various modifications of form and 
structure, all of which are now extinct. — >^ 

45. Concluding remarks. — ^From this review of th^J 
Polyparia and Crinoidea, we learn that an atom of living 
jelly floating in the ocean, and at length becoming affixed 
to a rock, may be the first link in a chain of events, which, 
after the lapse of ages, may produce important modifications 
in the physical geography of our globe. We have seen 
that the living polypes in their rocky habitations enjoy all 
the blessings of existence, and at tiie same time are the 
unconscious instruments of stupendous operations, which in 
after ages may affect the destinies of mighty nations ; and 
that the materials elaborated by their agency, and subse- 
quently consolidated by chemical changes, may become the 
foundations of Islands and Continents, and constitute new 
and favourable sites for the abode of future generations of 
the human race. 

And when we bring the knowledge thus acquired to bear 
on the natural records of our planet, and examine the rocks 
and mountains around us, we find that in periods so remote 
as to exceed our powers of calculation, similar effects were 
produced by beings of the same type of organization as 
those whose labours have been the subject of our contem- 
plation. We are thus enabled to read the history of the 
past, and to trace the succession of events, each of such 
duration as to defy all attempts to determine with any 
approach to probability the period required for its develop- 
ment. 

In fine, these investigations have shown us the marvel- 
lous structure of creatures invisible to the naked eye, their 
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modes of life and action, and the important changes effected 
in the relative proportion of land and water, by such appa- 
rently inadequate agents. They have instructed us, that 
above, beneath, and around us, there are beings so minute as 
to elude our unassisted vision, yet possessing sensation and 
voluntary motion, and each furnished with its systems of 
nerves, and muscles, and vessels, and preying upon creatures 
still more minute, and of which millions might be contained 
in a drop of water ; nay, even that these last are supported 
by living atoms still less, and so on — and on — ^till the mind 
is lost in astonishment, and can pursue the subject no 
farther ! 

Thus are we taught, — 

" That those living things 
To whom the fragile blade of grass, 

That springeth in the mom 

And perisheth ere noon; 
Is an unbounded world; — 

That those viewless beings. 
Whose mansion is the smallest particle 
Of the impassive atmosphere, 

Enjoy and live like man ! 

And the minutest throb. 
Which through their frame diffuses 

The slightest, faintest motion, 

Is fixed, and indispensable. 

As the majestic laws 
That rule yon rolling orbs !" 

• Shellbt. 

We have contemplated the results produced by these 
countless myriads of animated forms, — the excess of calca- 
reous matter brought into the waters of the ocean consoli- 
dated by their influence, and giving birth to new regions ; 
and we have obtained evidence that in the earlier ages of 
our globe, like effects were produced by similar living 
instruments. The beds of fossil coral are now the sites of 
towns and cities, whose inhabitants construct their abodes 
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of the limes toaea, nnd oruament their temples and palaces 
with the marbles^ formed of the petrified skeletons ot the 
zoophytesj which lived and died in oceans that have long 
since passed awaj ! 

Hence wc perceive that He who formed the Uni versa 
creates nothing in vain ; that His works all harmonize to 
blessings unbounded by the mightiest or the most minute 
of His creatures ; and that the more om* knowledge ia 
increased^ and onr powers of observation arc enlarged, the 
more exalted will be our conception of His wondrous 
works ! ^-^ 
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1. Introductory. 2. The Carboniferous System. 3. The Coal-measures. 4. Coal- 
field of Derbyshire. 5. Coalbrook Dale. 6. Nature of Coal deposits. 7. Mode 
of Deposition of the Coal-measures. 8. The Great Dismal Swamp of Virginia. 
9. Erect Trees in the Carboniferous Deposits. 10. Upright Trees at Wolverhamp- 
ton and St. Etienne. 11. Coal-measures of Nova Scotia. 12. Coal-shales and 
Vegetable Remains. 13. Millstone Grit. 14. Carboniferous Limestone. 15. Derby- 
shire Lead-mines. 16. Carboniferous system of Devonshire. 17. Trap rocks 
and Dikes of the Carboniferous system. 18. Faults in the Coal-measures. 19. 
Geographical distribution of the Carboniferous Strata. 20. Carboniferous System 
of North America. 21. Organic remains of the Carboniferous System. 22. Or- 
ganization of Vegetables. 23. Climate and Seasons indicated by Fossil Wood. 
24. Microscopical examination of Fossil Trees. 25. Nature of Coal. 26. Liebig 
on the formation of Coal. 27. Bitumen, Petroleum, Naphtha. 28. The Diamond. 
29. Anthracite, Plumbago, &c. 30. Petrifaction of Vegetables. 31. Artificial 
Vegetable Petrifactions. 32. Silicification of Vegetables. 33. Fossil plants of 
the Coal. 34. Equisetaceous Plants. 35. Fossil Ferns. 36. Sigillaria. 37. Stig- 
maria. 38. Lepidodendron. 39. Coniferous Trees and Plants. 40. Flora of the 
Coal. 41. Atmospheric conditions during the Carboniferous epoch. 42. Forma- 
tion of Coal-measures. 43. Coal-measures from submerged Lands. 44. Echino- 
dermata of the Carboniferous System. 45. Shells of the Carboniferous System. 
46. Crustaceans and Insects. 47. Fishes of the Carboniferous System. 48. Rep- 
tiles of the Carboniferous Epoch. 49. Climate of the Palaeozoic Ages. 50. 
Retrospect and Botanical Epochs. 

1. Introductory. — From the contemplation of the 
changes produced on the earth's surface by the agency of 
minute beings whose nature and economy are known only 
to the instructed observer, we resume the geological argu- 
ment from which we have for a while digressed, and enter 
upon the examination of the series of strata deposited 
during the period immediately antecedent to the Permian 
formation described in the fifth Lecture. 
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The Carboniferous iystemj so named from its comprising 
the principal deposits of mineral fuel, consists of sand- 
stones^ bituminous shales, bluish grej limestones, clays with 
iron ore, and quartzose grits; between which are inter- 
calated seams and thick beds of the carbonized vegetable 
matter, termed Coal. Independently of the interest 
attached to these deposits from the immense accumu- 
lation of fossil plants of which many of them are wholly 
composed, this system involves the consideration of 
some very remarkable geological phenomena; for the 
manner in which such extensive layers of carbonized vege- 
table substances, unmixed with extraneous matter, were 
produced, is a problem difficult of solution, under cer- 
tain conditions in which it is presented to our exami- 
nation. Like the intercalation of the masses of ro<^-salt 
in the red marls of the Trias {ante^ p. 539), the deposition 
of coal appears, as we shall presently show, to have taken 
place under various circumstances ; the coal being in some 
cases associated with fresh- water, and in others with marine 
organic remains. 

But though from the vast importance of mineral fuel in 
an economical point of view to nations in an advanced state 
of civilization, and the botanical interest with which such 
extensive natural herbaria of the palaeozoic ages are in- 
vested, the coal is generally regarded as constituting the 
essential feature of this epoch, yet it would be more 
philosophical to consider these intercalations of carbonized 
vegetables, as extraneous and accidental. We have al- 
ready seen, that the formation of coal was not confihed to 
the carboniferous system ; but that beds of this substance 
have been and will be produced, wherever trees and plants 
are accumulated in sufficient quantity, and under the re- 
quisite conditions. 

The peculiar types of vegetable organization comprised 
in the flora of this system, affiard the only distinguishing 
X x 2 
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characters of the beds of coal interpolated in the strata, 
that were deposited during the ages intervening between 
the close of the Devonian epoch and the commencement of 
the Permian.* 

The strata comprised in the carboniferous system form 
three natural groups, as shown in the following table ; and 
I propose to consider, in the first place, the general fea- 
tures of the deposits, and their geographical distribution ; 
secondly, the nature and formation of coal, and the charac- 
ters of the fossil plants of which it is composed ; and, lastly, 
notice the animal remains, and take a retrospective view of 
the successive floras which have prevailed on the surface 
of the earth, during the epochs embraced by our geological 
investigations. 

2. The Carboniferous System. — The following tabu- 
lar arrangement exhibits the lithological characters and 
relations of these deposits : — 

I. The Coal measures. Sandstone, shale, and grit, with numerous 
beds and layers of Coal ; ironstone in nodules, and irregularly 
stratified. Intercalations of bands of limestone, with fresh- 
water shells and crustaceans. Total thickness, upwards of 
1000 yards in some districts. 

II. Millstone obit. Coarse quartzose sandstone passing into a 

conglomerate used for millstones — ^hence the geological term ; 
with shales and sandstones ; containing interspersions of fossil 
plants and vegetable matter, and sometimes layers of coal. 
Total thickness, about 600 feet. 

III. Carboniferous or Mountain limestone. A series nearly 1000 
feet in thickness of limestones and flagstones, containing corals, 
crinoideans, and marine shells in profusion. Beds of marble 
wholly made up of petrified zoophytes. Numerous cephalopoda 
and brachiopoda. This group is generally devoid of coal in 
England ; but the mountain limestone of some parts of Bussia 
contains extensive coal-mines. 

The Mountain-limestone group rests upon the Devonian 

* See remarks on the Coal of the Oolite, ante, p. 514 ; of the Weal- 
en, p. 392 ; of the Tertiary, p. 278 ; and in peat, p. 60. 
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or Old Red sandstone, which was formerlj included in the 
Carboniferous system, but is now regarded as a distinct 
formation, on account of a peculiar type of organic remains 
prevailing throughout. 

3. The Coal measures. — The bituminous substance 
termed coal is simply vegetable matter altered by chemical 
changes, which will hereafter be considered. It occurs in 
beds that vary from a few inches to a fathom in thick- 
ness, and are interposed between strata of shale, clay, 
micaceous sandstone, limestone, and ironstone ; alternations 
of this kind occupying circumscribed areas, are termed 
cocUnbasins, Mr. Bakewell observes that the strata thus 
disposed may be explained by a series of mussel-shells, 
placed one within the other, and having layers of clay in- 
terposed. If one side of the shell be raised to indicate the 
general rise of the strata in that direction, and the whole 
series be dislocated by partial cracks or fissures, the general 
arrangement of the beds and the displacements which they 
have undergone, will be represented ; each shell being the 
type of a bed of coal, and the partitions of clay, of the earthy 
strata which separate the carboniferous layers. 

It is the association of iron ore with the limestone that 
serves as a flux, and the fuel required for the reduction of 
the ore into a metallic state, that has given rise to the 
numerous iron-foundries which occupy the sites of our 
principal fields. The usual characters of a CoaUfield^ as 
a series of strata of this kind is termed, are shown in the 
section of that of South Gloucestershire, (^lAgn, 118, ante^ 
p. 522.) Here we perceive that the Devonian, or Old 
Red-sandstone, has been elevated into a position almost 
vertical, and that the Mountain limestone^ which lies 
immediately upon it, partakes of the same inclination. 
This is succeeded by conformable beds of Millstone- 
grit, which are followed by alternations of coal and 
grit; the Trias, Lias, and Inferior Oolite^ (3, 4, 5,) 
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are seen above in an unconformable position. The Mountain 
limestone and Millstone grit (1,2) also appear on the opposite 
flank of the elevated ridge of the Mendips. It will be in- 
structive to enumerate the deposits exhibited in this section, 
in chronological order; that is, in their original position 
before they had suflered displacement. Commencing with the 
lowermost or most ancient, the Devonian strata of the Mendip 
Hills, we have — 1. Mountain limestone. — 2. Millstone grit ; 
upon this are alternations of coal and shale, with Pennant- 
grit. — 3. New Red-sandstone. — 4. Lias. — 5. Inferior Oolite. 
— 6. Great Oolite. — 7. Oxford Clay, south of Malmsbury. 

The term basin, applied to these accumulations of car- 
boniferous strata, must be taken in a general sense; for 
though some of these groups of deposits may have been 
formed in circumscribed depressions, it is evident that, in 
general, the beds have extended over large areas, and that 
their present isolated and confined limits are attributable 
to subsequent elevations and depressions of the rocks on 
which they repose, and by which the faults and dislocations 
of the coal and associated strata have been produced. 

4. Coal-field of Derbyshire. — The Derbyshire Coal- 
field will serve as a type of the English series. 

The strata of carboniferous limestone which form the 
grand mountain -chains of Derbyshire, decline towards the 
eastern side of the county, and sink beneath the coal- mea- 
sures. Immediately upon the limestone is placed a bed of 
calcareous slate or shale, varying in thickness from three 
to six hundred feet. The compact strata are separated by 
coarse layers, which readily disintegrate, and these form 
the exposed face of Mam Tor, or the " shivering mountain,*^ 
near Castleton. They are succeeded by a mass of grit, or 
conglomerate, with vegetable remains, which is worked for 
mill-stones. Above the millstone-grit are the regular coal 
strata, comprising sandstones of various qualities, and often 
in exceedingly thin laminae ; indurated clays ; iron-stones, 
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the nodules of which contam organic remains ; and softer 
argillaceous beds, which being of a slaty structure^ are 
called shales. Two of the layers of clay abound in fresh- 
water mussel-shells, of extinct species, and are termed 
mussel-bind; these bivalves very much resemble some of 
the small species of Unio of the Wealden (p. 404). The 
total thickness is 1310 yards, which includes thirty different 
beds of coal, varying from six inches to eleven feet, and 
making the amount of coal about twenty-six yards. In the 
shales below the coal, there is a transition from marine 
calcareous strata with animal remains, to fresh-water depo* 
sits, with terrestrial vegetables : this may have originated 
from occasional intrusions of freshes from a river. 

The series above enumerated is often repeated ; shales^ 
clays, and sandstones occurring under different beds of coal, 
with a perfect similarity in the succession and thickness of 
each. Interruptions to the continuity of the beds, from 
cracks and fissures which have taken place since the origi- 
nal deposition of the strata, are everywhere^ apparent (see 
Xw/w. 152). Dikes or intrusions of extraneous mineral 
matter are of frequent occurrence, separating the strata 
by vertical walls, which are from a few inches to many 
yards in thickness. These intrusive masses sometimes 
consist of indurated clay, but more commonly of the ancient 
volcanic rock termed basalt or trap. 

5. CoALBROOK Dale. — In Shropshire the carboniferous 
strata occupy several detached areas.* Around Shrews- 
bury the coal-beds are associated with limestone of 
jfresh-water or estuary origin, peculiar to the coal-fields of 
the central counties of England, and containing fresh-water 
crustaceans {Cyprides), shells, {Cyclas, Planorbis, Unio), 
and fishes. But the most important and productive car- 
boniferous tract in Shropshire is Coalbrook Dale, which is 

* Consult Sir R. I. Murchison's admirable description of the Car- 
boniferous System ; " Silurian System/' chap. vi. 
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situated on the east side of the range of rocks forming 
the Wrekin and Wenlock Edge, the coal strata being 
superposed on mountain limestone; it contains beds ani 
nodules of iron-stone, enclosing organic remains. Thjs 
coal-field is remarkable for the dislocated and shattered 
condition of the strata, and the intrusion of volcanic rocks ; 
the latter do not appear as dikes or veins, in the fissures of 
the beds* but rise up in mounds or protuberances. Tie 
vralls of the fissures are in some instances several yards 
apart, the intervals being filled with debris. Strata con- 
taining marine shells, alternate with others abounding in 
fresh-water shells and land plants, as in Derbyshire. 
These alternations prove that these coal-measures were 
deposited in an estuary, subject to occasional freshes 
from a considerable river; the frequent alternations of 
coarse sandstones and conglomerates, with beds of day 
and shale containing the remains of the plants brought 
down by the river, support this opinion.* The strata 
forming this carboniferous series, consist of quartzose 
sandstone, indurated clay, slate-clay, and coal. A pit 
sunk in Madely colliery, to a depth of 730 feet, passed 
through eighty-six beds of alternating quartzose sandstone, 
clay-porphyry, coal, and indurated clay containing nodules 
of argillaceous ironstone. The sandstones of Coalbrook 
Dale are fine-grained and micaceous, and some beds are 
penetrated by petroleum^ which at Coalport escapes from 
the surface in a tar-spring ; bitumen also occurs in some of 
the shales. Plants, shells, and crustaceans, are abundant 
in the shale and iron-stone nodules; and the remains of 
insects are sometimes met with."!" 

6. Nature of coal deposits. — This brief notice of 
two of the British coal-fields will serve to convey a 

* See a highly interesting memoir on this coal-field, hy Mr. Prest- 
vich ; and Sir BL I. Murchison's " Silurian System," chap. viL 
t Medals of Creation, rol. ii. p. 575. 
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geheral idea of the Ptrata of which a coal-baam con- 
sists. But it is necessarj to etjter more parti cularljr on 
the nature and arrangement of the beda of coalj and their 
associated deposits ; for though many accumulations of car- 
boniferous rocks have manifestly, been formed by different 
and local agencies j the grand aeries of ancient coal-measurea, 
setting aside unimportant discrepancies, present a re- 
markable uniform ity of character^ not only throughout 
Great Britain and Europe^ but also in most other parts of 
the world.* 

We have seen that the strata constituting a coal- fie Id 
are alternating layers of coal, clay, ehale^ and sand, of 
yariable thickness j based either on grit, or Jimeatone 
abounding in marine shells and corals. Now, a very 
remarkable fact is the uniform presence of a thick bed of 
earthy clay beneath every layer of coal, and a stratum of 
slaty clay or shale above it. 

One of the series «f which a coal-field consists presents, 
therefore, the following characters : — 

(L) Lowermost; — a stratum of clay, called from its 
position, the under clay; a tough argillaceous substance, 
which upon drying becomes a grey friable earth. Occa- 
sionally this clay is of a black colour from the presence of 
carbonaceous matter. This bed almost invariably contains 
an abundance of the fossil vegetables termed Siigmarite^^ 
which are generally of considerable length, and have their 
rootlets or fibres attached, and extending in every direction 
through the clay. These stems commonly lie parallel with 
the planes of the stratum, and nearer to tfie top than to the 
bottom. 

* The various Memoirs on the British coaMleldH in the Geological 
Transactions, by some of our most eminent observers, and \u the worka 
of Messrs. Bake well, Conybeare, Phillips, Lyell, Do la Be<^lle, Buek- 
land, Murchison, and others, will afford those who wish to pnr^uc the 
inquiry, information of the most important and interefitiiig nature. 

f See Medals of Creation, p. 139. 
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(2.) Coal, A carbonized mass, in which the external 
forms of the plants and trees composing it are obliterated, 
but the internal structure remains. Large trunks, stems, 
and leaves, are rarely distinguishable in it. 

(3.) The Moof, or upper bed. This generally consists 
of slaty clay, abounding in leaves, trunks, branches, fruit, 
&c. ; and includes layers and nodules of iron-stone, inclos- 
ing leaves, insects, crustaceans, &c. In some localities beds 
of fresh-water shells, and in others of marine shells, are 
intercalated, and interstratified with the shale, finely 
laminated clay, micaceous sand, grit and pebbles of lime- 
stone, sandstone, and other rocks, often occur. The prin- 
cipal illustrative specimens of the leaves, fruits, &c. of the 
carboniferous flora, are found in this bed, which appears to 
be an accumulation of water-worn detritus of other rocks, 
promiscuously intermingled with the dense foliage and 
stems of a prostrate forest, the whole drifted from a distance 
by a strong current, or flood. 

7. Mode of deposition op the coal. — Thus we have, 
in the first place, spread uniformly over the bottom, and 
constituting the foundation on which the coal reposes, a 
stratum of fine pulverulent clay, several feet thick, which, 
possibly, may have once constituted the soil of a vast plain 
or savannah. The only fossil remains found in it, except 
in a few localities, are the roots of the large trees of which 
the coal is in a great measure composed; for such the 
StiginaricB now prove to be, and not aquatic plants, as was 
formerly supposed.* 

* Medals of Creation, vol. i. p. 143. The invariable occurrence 
of the fossil roots, termed Stigmarise, in the under-clay, and their 
rarity in the coal and shale, was noticed by Mr. Martin {Petri/. 
Derbien3ia)t Dr. MaccuUoch, and other observers : but the importance 
of this fact was not duly appreciated till Mr. Logan drew attention to it. 
In the Welsh coal-field, in a depth of twelve thousand feet, there are 
sixty beds of coal, each lying on a stratum of clay abounding in stig- 
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Upon this is deposited the cod ; a bituminous mass of 
coniferous wood, gigantic ferns, club-mosses, &c. as we 
shall presently demonstrate ; occasionallj stems of trees are 
found passing vertically through this bed. 

In the third place, we have a deposit of drifted materials 
promiscuously intermingled with the foliage and stems of 
numerous kinds of terrestrial plants ; the whole appearing 
to have been subjected to the mechanical action of floods 
of water. 

These facts seem to indicate that a bed of coal of this 
kind, is nothing more than a submerged forest. The 
tinder-clay may have been the natural soil in which the 
StigmariaB, the roots of the trees forming the coal above, 
originally grew ; the coal^ the carbonized stems and foliage 
of the trees to which the roots belonged ; and the upper 
stratum or roof, may have resulted from detritus transported 
from a distance by a debacle or flood, which overwhelmed 
and buried the foliage and stems of the prostrate forest. 

These phenomena may be explained by supposing that a 
plain, densely clothed with vegetation, was inundated by an 
irruption of the sea ; or overwhelmed by a flood of water 
from an inland lake, occasioned by the sudden removal of 
some barrier ; or by the subsidence of the tract of coun- 
try on which the forest grew. But when we find an unin- 
terrupted series, in which triple deposits of this kind are 
repeated thirty or forty times, and through a thickness 
of several thousand feet, this solution of the problem, though 
very plausible, cannot, I apprehend, be deemed conclusive. 
Not only subsidence after subsidence must have taken place, 
but the first submergence have been followed by an elevation 
of the land ; and then another soil capable of afibrdiug sup- 
port to a second forest must have been produced, and another 
generation of vegetables, of the same species as the former, 

mariae. In the Appalachian coal-field of the United States, the same 
phenomenon appears. 
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have sprung up, and arrived at maturity : and again another 
subsidence, followed by an accumulation of drift. And these 
periodical oscillations in the relative level of the land and 
water, and successive reproductions of vegetable soil and of 
forests, must have gone on uninterruptedly through a long 
period of time : not in one district or country only, but in 
various parts of the world, during the same geological epoch. 

8. The Great Dismal Swamp of Virginia. — The 
formation of the coal-measures from terrestrial trees and 
plants, not drifted, but growing on the areas now occupied 
by the coal — a theory so generally adopted, that on a late 
discussion on the subject before the Geological Society of 
London, but one individual expressed dissent — is strongly 
advocated by Mr. Lyell : and the following observations of 
this profound geologist, on the " Great Dismal Swamp " of 
Virginia, in North Carolina, afford an interesting illustration 
of this hypothesis. 

" The * Great Dismal/ is a morass forty miles long, and twenty-five 
miles in its greatest width, and has the appearance of a broad inundated 
river plain, covered with all kinds of aquatic trees and shrubs, the soil 
being as black as in a peat-bog. It is one enormous quagmire, soft 
and muddy, except where the surface is rendered partially firm by a 
covering of vegetables and their matted roots ; and is actually higher 
than nearly all the firm and dry land which encompasses it ; and to 
make the anomaly complete, in spite of its semi-fluid character, it is 
higher in the interior than towards the margin. The soil of the swamp 
is formed of vegetable matter, usually without any admixture of earthy 
particles. We have here, in fact, a deposit of peat from ten to fifteen 
feet in thickness, in a latitude where, owing to the heat of the sun and 
length of the summer, no peat mosses like those of Europe would be 
looked for under ordinary circumstances. The juniper trees, or white 
cedars (Cupressvs thuyoides) stand firmly in the softest part of the 
quagmire, supported by their long tap roots, and afford, with many 
other evergreens, a dark shade, under which a multitude of ferns, reeds, 
and shrubs, from nine to eighteen feet high, and a thick carpet of 
mosses, spring up, and are protected from the rays of the sun. Where 
these are most powerful, the large cedar {Gupresaus disticha), and many 
other deciduous trees, are in full leaf. The black soil formed beneath 
this shade, to which the mosses and leaves make annual additions, is 
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a soft black mud, without any traces of orgaiiization. Numeroos 
trunks of large and tall trees lie buried in the black mire of the 
morass. In the midst of the swamp there is a lake of an oval form, 
seven miles long, five wide, and the depth, where greatest, fifteen feet ; 
its bottom consists of mud like the swamp, but which in some places 
is covered by a pure white sand, a foot deep. This sheet of water is 
usually even with the banks, on which a tall and thick forest grows. 

''The phenomena above described help us greatly," observes Mr. 
Lyell, "to conceive the manner in which the coal of the ancient 
carboniferous rocks may have been formed. The heat, perhaps, may 
not have been excessive when the coal-measure originated, but the 
entire absence of frost, with a warm and damp atmosphere, may haye 
enabled tropical forms to flourish in latitudes far distant from the line. 
The frequent submergence of masses of vegetable matter like the 
morass, beneath seas or estuaries, as often as the land sank down 
during subterranean movements, may have given rise to depositions of 
strata of mud, sand, or limestone, immediately upon the Tegetal>le 
matter. The conversion of successive surfaces into dry land, on which 
other swamps supporting trees were formed, might give origin to a 
continued series of coal measures, of great thickness."* 

The above is a concise exposition of this theory by one of 
its ablest advocates, and is therefore deserving every con- • 
sideration ; but until it can be shown that pure beds of coal 
are being formed under such conditions, the hjrpothesis, 
however ingenious, appears to me to be without any support 
from facts. To render the "Great Dismal" a modern 
example of the mode in which the ancient coal-measures 
were formed, it is necessary to obtain evidence that beds of 
coal have been and are still being produced in this morass. 

9. Upright Trees in the Coax Measures. — The 
occurrence of trees in an upright position, in some instances 
with their roots attached, and extending into the under-clay, 
is regarded as another unequivocal proof of the formation of 
coal from vegetables growing on the spot. Several instances 
of this kind have been observed in England. One of the 
most remarkable was brought to light a few years since in 
forming the Bolton and Manchester railway. Near Dixon- 
* Travels in America, vol. i. chap. yii. 
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fold, five large stems (Sigillarice) were found erect, with 
their roots extending into a layer of impure clay below. 
They stood on the same plane, and near to each otlier The 
trunks were surrounded and filled by a soft blue shale, the 
carbonized bark being all that remained of the original 
structure. The stems are gnarled and knotted, and have de- 
corticated prominences, like those in barked trunks of our old 
dicotyledonous trees. All these trunks appear to have been 
broken off by violence, at a height of four or five feet above 
the roots, and no traces of the upper part of the stems or 
branches were detected.* 

In constructing the railway tunnel at Clay-cross, a few 
mUes south of Chesterfield, through the middle portion of 
the Derbyshire coal-measures, in 1838, a group of nearly 
forty trees {Sigillarice) was discovered. These stood at 
right angles to the planes of stratification, and not more than 
three or four feet apart, f 

On the coast of Northumberland, within the length of 
half a mUe, twenty upright trees were' observed by Mr. 
Trevelyan ; and similar fossils were noticed many miles dis- 
tant from this spot, in the same coal-field ; as if they were 
a continuation of a submerged forest, the trees of which 
had maintained their erect position, like those of the Isle of 
Portland {antBy p. 387). Examples of isolated upright 
trunks, with more or less of the roots attached, are not 
uncommon. In the Derwent mines, at the depth of fifty-five 
fathoms, among numerous examples which were Ijring in 
horizontal layers, were several in an erect position. Two 
stems of SigUlariae, situated in the space cleared out to get 
at the lead ore, stood upright, having their roots firmly 
impacted in a bed of bituminous shale ; they were five 
feet high, and two in diameter. J 

* Medals of Creation, vol. i. p. 131. f Geol. Proc. vol. ill. p. 270. 
+ Observations on Fossil Vegetables, by Henry Witham, Esq. 
1 vol. 4to ; Edinburgh, 1831. 
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In the Newcastle coal-field, a stratom of fiandstone occurs 
160 yards below the surface, in which were observed manj 
erect stems of trees, from two to eight feet in circumference^ 
having their roots in a thin layer of coal. 

10. Upright TtoES at Wolverhampton and St. 
Etienne. — **In a colliery near Wolverhampton the bottom 
coal rises to view, and where the surface has been cleared of 
the alluvial covering, it presents the appearance of a moor 
on which a full-grown fir-wood had been cut down a few 
months before, and only left the stumps behind. Stump 
rises beside stump, to the number of seventy-three in all : 
the thickly clinging roots strike out on every side into what 
seems once to have been vegetable mould, but now 
exists as an indurated brownish-coloured shale. Many 
trunks, sorely flattened, lie recumbent on the coal ; several 
are full thirty feet in length, while some of the larger 
stumps measure rather more than two feet in diameter. 
There lie, thick around, StigmarisB, Lepidodendra, Calam- 
ites, and fragments of UlodendraB ; and yet with all the 
assistance which these lent, the seam of coal formed by this 
ancient forest does not exceed five inches in thickness. Not 
a few of the stumps in this area are evidently waterwom. 
The prostrate forest had been submerged, and mollusks lived 
and fishes swam over it. This upper forest is underlaid by 
a second, and even a third : we find three full-grown forests 
closely packed up in a depth of not more than twelve feet."* 

A coal-pit at Treuille, near St. Etienne, in France,t 
described by M. Alexandre Brongniart, contains many 
stems of Calamites and other trees in an erect position, and 
this fact is generally considered as an indisputable proof 
that the coal was produced by the submergence of a forest 
that once grew on the spot : but as many of these stems are 
inclined at various angles, and their roots implanted in 

* First Impressions of England and its People, by Hugh Miller 
p. 223. t III the department of the Loire. 
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different beds, the perpendicularity of the upright trees is 
probably accidental. This mine is most favourable for 
observation, for it is in the open air, and exposes to view a 
natural section of the strata of clay, slate, and coal, with 
four layers of compact iron ore, in flattened nodules, 
which are accompanied, and even penetrated, by vege- 
table remains. The upper ten feet of the quarry consist 
of micaceous sandstone, which is in some instances stratified, 
and in others possesses a slaty structure. In this bed 
are numerous vertical stems traversing all the strata, and 
appearing like a forest of plants resembling the Bamboo^ 
or large Equiseta, turned into stone, in the place on 
which it grew. The stems are of two kinds ; the one long 
and slender, from one to four inches in diameter, and nine 
or ten feet high, being simply jointed and striated^ solid 
cylinders of sandstone, with a thin coaly bark. The 
other, and less common species, are hollow cylindrical stems, 
spreading out from the base like a root, but without ramifi- 
cations.* 

11. Upright Trees in the Coal Measures op Nova 
Scotia. — Though it is unnecessary to multiply examples 
of the occurrence of trees in an upright position in the 
carboniferous deposits, this phenomenon is so strikingly 
displayed in the coal measures of Nova Scotia, and has 
been so graphically described by Mr. Lyell, that I cannot 
omit a short abstract of his observations on the erect 
stems in the cliffs of the Bay of Fundy : — 

" In the coal measures on the southern shores of a hranch of the Bay, 
there are ten successive stages of erect trunks of trees, placed at right 
angles to the planes of stratification, through a thickness of strata of 
2,500 feet ; the entire series of deposits is estimated to be five miles in 
thickness. The strata are inclined at an angle of between 25° and 30°. 
The coal measures rest upon red sandstone and marls, and are overlain 
by shales containing modiolae. The trunks of the trees are mere hollow 

* Notice sur des V6g6taux Fossiles traversant les couches du 
Terrain Houiller, par M. Alex. Brongniart, ^ Paris, 1821. 
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cylinders filled with sand ^id eUy, consisiing of the bark in the state 
of pure coal ; as in the fo8«L] trees in the Iile of Wight {ant€, p, 3S0). 
A tronk^ fourteen inches in diameter, had a coatJng of bark a quarter 
of an inch thick. No apjwarancs of rMts was perucptihlo ; und the 
hottoms of the trunks Umched a si^JacetU bed of c^al" Beds of bitu- 
minous shale and clay with Stigtniuiw, ten feet thict^ are described 
as overlying one series of upright trees, and upon tbefie was another 
bed of coal, one foot thick^ that fiupported two trees, each eleTisai feet 
high, and sixty yards apart ■ they apptxired to havt grown on tJie cgoI** 

Mr. Lyell observed seventeen upright jsteni^, at ten 
distinct levels. The uature of the wood is not statedj 
except that the trunks resembled those foand erect at 
Dixonfold, in England. f Tlie aurrounding strata abound in 
Sigillariae, Stigmariae, :iiid the other usual vegetables of the 
European coal strata. At Pietou, a hundred miles to ihe 
eastward of the Minudie coal mcaaurei*, the same group of 
deposits occurs, and yields a large suf^ply of eoah lii Uiis 
locality there is a row of upright Calami tent f m sandstone, 
all terminating down^varda at the same level, where the 
sandstone joins a layer of coarse grey limestone with 
pebbles. The tops of the Calamites are broken ofl' at 
different heights, where the grit becomes eoarser. The Ix^d 
of erect Calamites at St. Etieune {ante, p. 673) ia regarded by 
Mr. Lyell as analogous : and he considers both localities as 
affording unequivocal proof of fossil trees occupying the 
ground on which they originally grew. J 

To account for the sueoessivo stages of these erect trees, 
on the supposition that the trunks are now gtandiDg in 
their original position, we must suppose periodical eleva- 
tions and subsidence? of the land to Jiave taken place. 
" It by no means follows," observes Mi\ Lyell, " that a sea 
four or five miles deep was filled up with sarjd and sedimeJiti* 
On the contrary, repeated nukiidencea, such as arerajuired 

* See Mr. Lyell's Section of the Cliffa of the Houth Jogglm, near 
Minudie, Nova Scotia. Trnvtib in America, vol. ii< p. 160, fig. 21 . 
+ Geo!. Trans, vol. iii. p. 139- t TmvelB in America, p, 195. 
VOL. II. T T 
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to explain the successive submergence of so many forests 
which grew one above the other, may have enabled this 
enormous mass of strata to have accumulated in a sea of 
moderate depth."* 

In Lehigh Summit mine, there is a bed of anthracite 
fifty feet thick, with no interpolated detritus except two 
thin layers of clay with stigmarise. Mr. Lyell considers it 
difficult to explain such an accumulation of pure vegetable 
matter, upon the hypothesis of the trees having been 
drifted, but intelligible, if we suppose them to have grown 
on the spot : yet he infers that to produce such a layer of 
coal, the original mass of vegetables must have been 
between three and four hundred feet in thickness ;•!•— but 
where are there any indications of the soil on which such 
forests grew ? 

12. Coal-shales and Vegetable Remains. — I have 
already stated that it is the shales, or slaty coal of the roof, 
from which the most abundant and illustrative examples of 
the plants of the carboniferous epoch are obtained ; in many 
layers, vegetable remains occur between every lamina, the 
entire mass being formed of carbonized leaves and stems, 
closely pressed together in clay. The carbonaceous matter is 
sometimes in an unconsolidated state, exhibiting the mat- 
ted fibres, leaves, and stems. This condition, indicating 
an intermediate stage in the formation of coal, is not of 
unfrequent occurrence in the upper secondary and tertiary 
carbonaceous deposits, but is rare in the most ancient.J 

The roof of a coal-mine when newly exposed displays 
the most interesting spectacle imaginable ; leaves, branches, 
and stems of the most elegant and delicate forms, being 
embossed on the dark shining surface. The coal-mines 
of Bohemia, the fossil plants of which are well known, 
from the beautiful work of Count Sternberg, are stated 

* Travels in America, p. 190. f Ibid. p. 85. 

X Silurian System, p. 100. 



$ 13. MILLSTONE GRIT. 677 

bj Dr. Buckland to be the most interesting of any he 
has visited — ^bnt I will describe them in his own eloquent 
language. "The most elaborate imitations of living 
foliage on the painted ceilings of Italian palaces, bear 
no comparison with the beauteous profusion of extinct 
vegetable forms, with which the galleries of these instruc- 
tive coal-mines are overhung. The roof is covered as with 
a canopy of gorgeous tapestry, enriched with festoons of 
the most graceful foliage, flung in wild irregular profusion 
over every portion of its surface. The effect is heightened 
by the contrast of the coal-black colour of these vegetables 
with the light ground-work of the rock to which they are 
attached. The spectator feels transported, as if by en- 
chantment, into the forests of another world ; he beholds 
trees of form and character now unknown upon the surface 
of the earth, presented to his senses almost in the beau^ 
and vigour of their primeval life ; their scaly stems and 
bending branches, with their delicate apparatus of foliagSi 
are all spread forth before him, little impaired by the lapse 
of indefinite ages, and bearing faithful records of extinct 
systems of vegetation, which began and terminated in 
times of which these relics are the infallible historians. 
Such are the grand natural herbaria wherein these most 
ancient remains of the vegetable kingdom are preserved in 
a state of integrity little short of their living perfection, 
under conditions of our planet which exist no more.*** 

13. Millstone Grit. — The principal coal measures 
are generally superposed on the group of deposits desig- 
nated by this term ; but in some districts, these strata are 
wanting, or appear as a cherty, and sandy rock. The 
most characteristic bed of this series is the quartzose con- 
glomerate, termed millstone-grit, which consists of rolled 
fragments of quartz-rock and granite, of various sizes, 
from a pear to that of a large pebble, cemented together in 

* Bridgewater Essay, p. 458. 
TT 2 
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some instances by an argillaceous, in others hj a crystal- 
line siliceous paste. Sandstones composed of the fine 
detritus of similar materials are associated with the grit 
Waterworn fragments of shale, coal, red-sandstone, stems 
of plants, &c. all bearing marks of transport by currents 
and streams, are also often found imbedded therein. Beds 
of coal are occasionally interpolated in this series, and in 
some localities the lowermost strata consist of shales with 
coal-plants, and contain nodules of ironstone similar to 
those of the upper coal strata, and veins of lead and copper. 
Satin-spar, and naphtha, petroleum, and other bitumi- 
nous substances, occasionally occur in the shales of this 
series. 

In Yorkshire the millstone grit becomes a very complex 
deposit, containing several subordinate beds of coal ; and 
is separated from the great inferior calcareous group 
(known in the north of England as the Scar limestone), 
not merely by shales and shaly limestones as in Derbyshire, 
but by deposits, not less than 1000 feet thick, in which five 
series of limestone strata, remarkable for their continuity 
- and unvarying thickness, alternate with great masses of 
sandstone and shale, containing innumerable impressions of 
coal-plants, and a few seams of coal.* 

14. C^BQNIFEROUS OR MOUNTAIN LiMESTONE.f — The 

third and lowermost series of the carboniferous system, is 
an extensive assemblage of calcareous strata, composed 
for the most part of subcrystalline grey limestone, disposed 
in beds of considerable thickness ; the strata through a 
depth of many hundred feet being separated only by very 
thin clay partings. Shales, grits, and amygdaloidal rocks, are 
intercalated in certain localities ; and the principal beds of 

* Professor Sedgwick, " Address to the Geol. Soc." 1831. 

f This calcareous rock is also called rmtcdliferovs limestone, from 
its abounding in lead and other metallic ores : and encrinital limestone, 
from the prevalence of crinoideal remains in some of the beds (anis, 
p. 649). 
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coal used for economical purposes, are in some eountries 
situated in this division of the system* Layers and nod ales 
of chert occasionally traverse the limestones, like the flints 
in chalk. 

The term Mouritain iimesloue^ applied to these calca- 
reous rocks, has originated from their often forming elevated 
mountain chains, as in Derby s^hirej Yorksliire, Somerset- 
shire, &c. giving rise to scenery vphich equals, if not 
surpasses, in picturesque beauty that of any other part 
of England. I need but mention the vale of the Avoq at 
Clifton, Matlock-dale, Dovedale, the escarpments that over- 
hang the Wye near Chepstow, &c* The magnificent gorge 
of the Avon at Clifton is flanked by an uninterrupted suc- 
cession of mural precipices, known by the name of St* 
Vincent's Rocks, and presents an unrivallt^d natural section 
of the carboniferous limestone* The calcareous beds rest 
conformably on strata of the Devonian system, which may 
be seen on both sides the river, near Cook'a Folly, extending 
on the south under Leigh -down and Weston-down.* 

This series of strata js also remarkable for the deep 
chasms and fissures by whicli the rocks are traversed ; the 
principal caverns of this country being situated in them j 
those of Derbyshire, Yorkshire, Somersetshire, &c, are 
well known. Subterraneous rivers are likewise frequent 
throughout the districts formed by these deposits. 

The mountain limestone is largely developed over the 
central and northern parts of England, and the south- west 
of Scotland : and is the predominant rock throDghout a 
great part of Ireland. In Somersetshire, Gloucestershire, 
Shropshire, North and South Wales, and Derby sliire, it 
constitutes as it were an entire calcareous mass, which is 
interposed between the Devonian group j or, where that is 
wanting, between the more ancient Silurian rocks below, 

* See Excursions to Clifton and MatIock-dttU» and Cricli Hill; 
Medals of Creation, vol. ii. pp. 929, 933. 
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and the sandstone and shales of the Coal ahove. In Cum- 
berland and Westmoreland, &c. it appears as an elevated 
belt, which partly surrounds the Cumbrian slate mountains, 
and forms, on the west, a ridge nearly three thousand feet 
in height. 

In Northumberland the moimtain limestone with its as- 
sociated millstone-grit, occupies large areas, and constitutes 
ranges of hills of considerable elevation ; the geographical 
features strongly contrasting with those of the adjacent 
country on the south, which consists of the coal-bearing 
strata, spread out in a plain of great extent. 

In Derbyshire the grand physical features of the country 
are produced by the mountain limestone, which rises into 
crags or peaks, and hills, presenting bold precipitous 
escarpments, and produces the wildest and most picturesque 
scenery. Professor Phillips estimates the thickness of the 
lower division of limestones with shale partings (provin- 
cially termed 8car-li7nestanes\ in Derbyshire, at 750 feet ; 
the alternations of shale, sandstone, limestone, and ironstone, 
which surmount the former, at 500 feet ; and the cappings 
of millstone-grit which form the summits of the hills, at 
360 feet. 

The carboniferous limestone, though some of the 
beds are destitute of fossils, is for the most part largely 
made up of corals, shells, crinoidea, &c. ; and which often 
form three-fourths of the mass. We reserve a more par- 
ticular notice of these organic remains for a subsequent part 
of this Lecture. The Derbyshire encrinital marbles {ante, 
p. 650), and the coralline marbles of St. Vincent's rocks, 
near Clifton, are well-known examples of the finer compact 
varieties of these calcareous deposits. 

The chert, where interpolated among the crinoideal 
remains, contains beautiful casts and impressions of the 
stems and ossicula, and also of the associated shells, in con- 
sequence of the siliceous matter which flowed into, and 
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surrounded these bodies, haying resisted the chemical actaon 
that subsequently destroyed the calcareous structure of 
the originals.* 

15. Debbyshire lead-mines. — It is in the mountaiii 
Hmestone that the principal British lead-mines are situated, 
namely, those of Somersetshire, Derbyshire, York, Durham, 
and Northumberland. In Derbyshire the metal occurs in 
numerous veins which traverse the strata, and extend in 
some instances into the toad-stone; a volcanic rock we 
shall describe in the sequel. The perpendicular, or rake- 
veins as they are termed, are from two to forty feet wide ; 
and there are chasms or hollows in the rock, several hun- 
dred feet in width, which abo contain metallic ores and 
spars. Manganese, copper, zinc, and iron, are found in the 
limestone ; but the predominating metalliferous ore is the 
sulphuret of lead, or galena, as it is called by minera- 
logists. This substance is of a bluish-grey colour, and 
often occurs in cubic and octahedral crystds ; it is also 
disposed in thin layers, as well as in veins. It is accom- 
panied by fluor and calcareous spar, sulphate and carbonate 
of barytes, iron pyrites, &c. The variety termed specular 
galena, or slickensides, is a thin coating of lead on the sides 
of the veins, and appears to have arisen from one wall of 
the fissure having slipped along the face of the other, so as 
to give it a polished or slwken surface. 

The beautiful mineral known by the name of Derby' 
shire spar^ is a fluate of lime, and occurs in crystals^ and 
also in nodules. The celebrated spar, provincially called 
Slue-John, so much in request for vases, and other orna- 
mental purposes, is found in the state of veins, and in 
large irregular masses from three inches to a foot in thick- 
ness, in the Odin mines, near Castleton. 

The structure of the country around Matlock, and the 

* See the pulley-stone, Lign. Ii5, Jig. 1, which is a siliceous cast of 
an encrinital column. 
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principal metalliferous districts of Derbyshire, are so fully 
described in various works, that a brief notice of the manner 
in which the mineral and metallic productions occur, will 
suffice. 

The chasms in the limestone exposed in some of the 
quarries, are often more or less incrusted with minerals 
and spars, and exemplify the mode in which the rich metallic 
veins of lead are distributed in the interior of the moun- 
tains.* A fissure which I observed in a quarry in Crich 
Hill, will serve as an illustration. A layer of the blue sul- 
phuretof lead, or galena, was spread over the surface of the 
limestone that formed the walls of the fissure, and upon this 
was deposited a thick stratum of white sulphate of barytes : 
on the latter was a coating of fluor spar of a light blue 
colour, crystallized in cubes on the surface, and the cavity 
left in the rock was lined with cubic crystals of fluate of 
lime.f 

16. Carboniferous System of Devonshire. — The 
rapid sketch I have given of the principal features of the 
three groups of strata composing the Carboniferous system, 
affords a general idea of the prevailing characters of this 
important formation. There is, however, an extensive 
series of rocks, which belong to this epoch, but occur 
under conditions that rendered their relations somewhat 
obscure, and occasioned them to be classed with the more 
ancient beds, untU the investigations of Professor Sedgwick 
and Sir R. I. Murchison demonstrated their true position 
in the chronological arrangement of the British strata. This 
group consists of shales and slaty coal, provincially called 
cuha, constituting a trough of carboniferous deposits super- 
imposed on Devonian sandstone, but much dislocated and 
altered in character by intrusions of granite and other 

♦ See " Excursion to Crich Hill :" Medals of Creation, vol. ii. 
p. 951. 

1 Ibid. p. 955. 
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rocks. By a careful examination of the plants and other 
organic remains, these cuhnifcrous beds are found to be 
connected with the Trias above, and the Deyonian below : 
the latter being characterized hj its peculiar fossils, and 
passing into the Silurian system. 

NN.E. 88, w. 
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Fig. 1. 

FiR. 3. 

1, North Foreland. 2, S^mstaiile. 3. Oakham pton. 4* Start Point. 
Liex, l-ll.— SEcrnow txv the STftAtA op Detonbrtre. 
{Prryfpitsor SMgwiek and Sir R. I. Murekinn.) 
Fig. 1 . Seetirm ftpm NN.E* to S3.W. ahowtng the carbDtiirevoiiiB itraU (a) in the 
04'ntr^, reatiOj? on each side on aUttu atid sandstcue af Ihe Oevanjan 
Hystem {b, (t); a protruston of granite (c) oeeurring on the SS W. 
— 2 Section fnitii north to south i the carhaniferoua twK3s(fl) rtihirte on Beta- 
nian at rata on tbe north {A][ while on the sonth the granite of DArtmoof 
haa been (irdtrtided {c]^ thr Dovoiiiaii system (&) re-api^eprini; in the 
southern jtart of the county, tt'nninat^ by a band of mlcAi!eoiiB schist* fd^ 
at Carljonlferona wystetn ; the culmiferous rocks of DtwonfthU'^. 
h, Devonian or OUJ Red uystem, conilillng of Ml^y «ie*ji, (nndstone* &nd 

linjestone, 
r, Gmiilte, 
d. Micaceous schists ^ altered or metsJUorpboied atrqta. 

The culn>ifcron3 deposit a of Devonshire were probably 
once conaected with the coal formation ou the north side 
of the Bristol Channel : the vegetable fossils which they 
contain are identical with those of the coal basin of South 
Wales, These sections (ii^i^i, 151), by the eminent geo- 
logistji above named, will serve to illustrate the subject^ 
and render details unnecessary- In the section (Juj, 1) 
from NN.E. to SS.W, the culraiferoua beds (a) are 
seen to form a troughj and repose on each side on the 
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slates and calcareous sandstones (h, b) of the Devonian or 
Old Red system. The section (Jig. 2), from north to south, 
shows the carboniferous strata (a), flanked on the north 
side only by the Devonian slaty rocks (&), the granite of 
Dartmoor (c) having been protruded on the southern edge ; 
while the Devonian system re-appears in the southern part 
of the county, terminated by a band of micaceo-chloritic 
schists, which are parallel to the great disturbing axis of 
Cornwall and Devon, and are probably altered or meta- 
morphosed sedimentary deposits.* 

17. Trap Rocks and Dikes of the Carboniferous 
System. — The coal and its associated strata everjrwhere 
exhibit proofs of the violent subterraneous movements 
they have undergone since their original deposition : and 
but few coal-fields are free from extensive faults and dis- 
locations, by which the beds have been broken up and 
thrown into different levels and positions. The entire 
group is also often traversed by veins and dikes of intruded 
volcanic rocks ; generally consisting of the hard, dark green, 
fine-grained stone, called trap. 

In Yorkshire there is a trap-dike of prodigious extent 
arid thickness, named the Whin-sill, which traverses the 
coal-measures, triassic sandstone, and lias, and passes from 
High Teesdale to the confines of the eastern coast ; a dis- 
tance of upwards of sixty miles. 

In Derbyshire, a trap-rock, which is in many parts 
amygdaloidal, and from being mottled with green and 
yellow has received from the miners the name of toad-stone, 
is interpolated between the beds of mountain limestone of 
that country, under circumstances of considerable interest. 

These phenomena can nowhere be studied with more 
advantage than in the neighbourhood of Matlock, which 

♦ Claasification of the older stratified rocks of Devonshire and Corn- 
wall, by the Eev. Professor Sedgwick and Sir R. I. Murchison. 
Annals of Philosophy, No. 89. April 1839. 
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is a region of carboniferous limestone, broken up and tra- 
versed by volcanic rocks. 

The basalt or trap of Derbyshire was evidently erupted 
in a state of fusion, from some very deep-seated source 
of intense heat, and intruded between the limestone beds 
in three principal currents, which now appear as alter- 
nations of trap-rock with sedimentary strata : but which 
there is every reason to believe sprung from one common 
source, and are lateral protrusions from the great mass of 
igneous matter. The toadstone is a hard rock, con- 
sisting of small nodules of white and yellow calcareous spar 
and green earth, imbedded in a dark greenish paste of 
basalt. Sometimes the nodules are decomposed, and the 
stone is then vesicular or cellular, resembling porous lava. 
Three distinct beds of this ancient lava-current are inter- 
polated in the mountain limestone of this district ; the 
thickness of each varies from sixty to eighty feet. In some 
instances, dikes of toadstone traverse the metalliferous veins, 
and a manifest alteration is then observable in the nature 
of the latter.* 

In some places the elevatory movements have torn the 
rocks asunder ; in others the strata have partially resisted 
the expansive effect of the erupted lava, and are now in 
a dome-shaped or arched position, and more or less bent 
and folded. 

Crich Hill, near Matlock, affords a highly interesting 
illustration of this effect of igneous action. It is a dome- 
shaped hill of mountain limestone, 800 feet high, consisting 
of arched strata, enfolding a central mass of trap. This 
dome of limestone has been forced up through the once 

* In the cavern at the base of the High Tor in Matlock Dale, a 
hed of toadstone is seen on the floor, beneath the limestone strata of 
which the cliff is composed, and may be traced across the river to the 
opposite escarpment of Masson's Hill, where it is exposed on the 
road-side. See Medals of Creation, vol. ii. p. 946. 
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superincumbent strata of millstone-grit, which now form 
a broken, and highly inclined wall around it. Such is 
Crich Hill— a stupendous monument of one of the past 
revolutions of the globe — ^with its arches of rifted rock 
teeming with mineral veins, and resting on a central 
mound of molten rock, now cooled down into an amorphous 
mass of compact basalt.* 

A dike of the volcanic rock called green-stone, in some 
places eighteen yards wide, and which has been traced 
nearly seventy miles, traverses the Newcastle coal measures 
on Cockfield-fell. The coal, at the distance of fifty yards 
from the dike, is altered in its character, and near its con- 
tact with the erupted mass is reduced to half-burnt cinder, 
and sooty coaly matter. Wherever trap traverses coal- 
deposits, more or less change is always observable in the 
carbonaceous materials. 

18. Faults in the Coal-measures. — In illustration 
of the displacements called faults, in carboniferous strata. 




Trap. 



Coal. 



LiGN. 152.— Erupted Trap-rock, in the Dudley Coal-eield. 
{Sir R. I. Murchiaon's Sil. Syst.) 

1 . Erupted Trap-rock. 

2. Coal-measures. 

3. Barrow Fault: upcast of 90 yards. 

4. Coal, charred, and altered from contact with the Trap, 
a, a, Alluvial soil. 

I shall select a remarkable one that occurs in the Dudley 
Coal-field, near Barrow Hill (Lign, 152). The central mass 

* See Medals of Creation, p. 961. 
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of erupted trap wLich has occasioned the dislocation, 
rises to the surface, and iormB the summit of Barrow Hill ; 
an elevation of about 600 feet. The displatementB of th«^ 
strata on each side of the volcanic rock have produced two 
lines of fault : and the coal in contact with the igneous 
rock, as is usual under such circumstances, is charred, and 
deprived of its hituminous quality. 

In the prii:ci])al faultj the coal-beds are rent asunder to 
an extent of 140 yards ; and in the part represented in the 
sketch {Liffn. 153), the erupted mass (if) has upeast the 
strata on the south-east ninety yards (a); tbe aides of 
the fissure being inclined from eighty to ninety degrees ; 
thus the strata (a, d^) which were originally continuous, 




Trap. 



LiGN. 153.— Sectios of ^ Fault ibt *n^ DtftjLiTt Coal-field, UEAit 

a, d, Carboniferous strata^ thp black line denQtea tbemain bed of coa]^ by hstrurted 
Trap; c, the upward twist of Xh^ bed of coal <?> where iu cE)ntEu:t with the Trajj- 
dike. 



and horizontal^ have been separated, and the edges of the 
lower bed of coal twisted upwards, as is shown at c, hy the 
intruded trap. These carboniferous strata are super- 
imposed on red conglomerate. We shall have again 
occasion to notice the displacements in tlic Dudley Coal* 
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field, when treating of the trappean ridges of that part of 
England. 

The faults and dislocations of the strata are so numerous 
in many coal-fields, that they have been very aptly com- 
pared by Dr. Buckland to a fractured sheet of ice: — "If 
we suppose a thick sheet of ice to be broken into frag- 
ments of irregular area, and these fragments again united 
after receiving a slight degree of inclination to the 
plane of the original sheet, the reunited fragments of ice 
will represent the appearance of the broken masses or sheets 
of coal strata. The intervening portions of more recent 
ice, by which they are held together, will represent the clay 
and rubbish that fill the faults, and form the partition 
walls that insulate these adjacent portions of strata, which 
were originally formed, like the sheet of ice, in one con- 
tinuous plane."* 

There is a circumstance connected with the upheaving 
and disruption of the carboniferous strata, and which is 
also observable in other loosely aggregated deposits, that 
demands attention. However great the uprise or downcast 
of the rocks on one side of a fault, it is seldom that there 
are any external indications of the displacement visible ; 
as for example in the fault of Barrow above sketched 
(Lign, 153).f The removal of the upraised masses has 
doubtless, in many instances, been occasioned by debacles 
or floods of water that have swept over the surface of the 
country ; but in those cases in which the elevated strata 
were of great extent, and the displacement involved large 
areas, it is probable that the removal was effected by the 
action of the sea, when the rocks were first dislocated and 

* Bridgewater Essay. 

f Mr. Bakewell has treated this subject with great ability: see 
chap. ix. " On the general removal and disappearance of the coal 
strata, raised by faults above the surface of the ground." — Introduction 
to Geology, 5th edit. p. 200. 
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forced upwards, and before they emerged above the 
waters. In other instances, the disintegration maj have 
taken place during their gi-adual elevationj in like man- 
ner as the removal of the elialk, and denudation of the 
underlying Wcalden of the south-east of England, were 
produced.* 

19. GEOGRArmcAL distribution of TDE CoAi-StEA- 
SURES. — - Although the geological map ( Plate L p. 463) 
is on so small a scale, it wUl serve to convey a general idea 
of the geograpliical position of the area^s occupied by the 
carboniferous Btrata of England. The principal coal basins 
are those of Somersetshire, Gloucestei-shire, North and 
South Wales, Dudley, Shropshire, Leicestershire, Lanca- 
shire, Nottingham, Derbyshire, Yorkshire, Cumberland, 
Durham, Newcastle f of the Forth and Clyde ; and the 
central diatrietis of Ireland. By far the greater part of the 
coal of Ireland is pure anthracite : there are several coal- 
basins exclusively of this mineral in five or six counties 
in the south of the Island, 

On the Continent, coal, with limestones and red con- 
glomerates, in some instances resembling, in others differing 
from the Eugliijh strata, occur in France, near Boulogne, 
Mons, and St. Etienne j in the Low Countries, at Namur 
and Liege ; in Germany, Silesia, Moravia, Poland, and in 
the Carpathian Mountains, The mountain limestone tmct 
along the Meuse^ in the Netherlanda, resembles that of 
Derbyshire and Monmouthshire, and appears to be of tha 
same age ; and the scenery to which it gives rise will reniind 
the English traveller of the banks of the Derwent or the 
Wye. 

In many parts of France and Germany there are isolated 
patches of coal strata, entirely free from marine fossils, 
which repose on granite and other hypogene rocks : they 

* See my Geology of the S. E. of England^ chap, ix, ; or, Exeursioii* 
round the Isle of Wiglit, p, 74. 
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are, however, confined to small areas : as in the Depart- 
ment of the Loire, at Brassac, in Silesia, and many other 
places. All these deposits have been formed in lakes, 
existing in the islands of that sea in which the mountain 
limestone was deposited.* 

Throughout the Russian Empire the productive coal 
beds are situated in the mountain limestone : but in 
Poland and Silesia, the coal measures are interstratified 
with shales and sandstones which overlie the mountain 
limestone, as in England and Belgium. 

The Russian carboniferous strata are unquestionably 
fluvio-marine ; for through a thickness of eight hundred 
feet, limestones, grits, and shales, abounding in marine 
shells, alternate with beds of coal. The vegetables of 
which the coal is formed, consist of broken and drifted 
plants, carried into the sea by inundations and freshes of 
rivers ; the layers of clunch or finely levigated shale which 
support the coal-seams, may have originated from the 
earthy debris brought down by the floating masses of ter- 
restrial plants, t 

* Mr. Lyell's Elements of Geology. 

f Sir R. I. Murchison The following remarks of an eminent 

French geologist, M. Constant Prevost, are especially worthy of 
attention in relation to this subject : — " On n'a pas assez refl^chi 
lorsque Ton a dit que les formations fluvio-marines n'^taient que 
des accidents locaux d'embouchure et de golfe ; on pourrait presque 
avancer, sans paradoxe, que dans certaines mers bord^ de vastes 
continents, les eaux douces affluences produisent plus dans la 
mer, que les eaux marines elles-mdmes. Le Mississipi et sea tri- 
butaires enl^vent au continent qu'ils traversent^ plus de mati^res 
8§dimentaires et de corps organises, pour les porter dans la mer, que 
les vaguas de celles-ci n'en prennent sur tout le pourtour des deux 
Ameriques ; et Ton salt, par de joumaliers exemples, que des veg6- 
taux apportgs par ce fleuve, des rives du Missouri dans le golfe du 
Mexique, vont att^rir sur les c6t6s d'lslande, et meme du Spitzberg.*' 
— De la Chronologic des Terrains et du Synchronistne des Forma- 
lions, 1845. 
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20. Cabbonifbbous system of Nobth Ambeica.— 
In North America, the carboniferous system is largdy 
developed, and has been ably illustrated by Professors 
SiUiman, Eaton, Hitchcock^ and other American geolo- 
gists. The stone-cod, or anthracite, of Pennsylvania, is 
associated with conglomerates, sandstones, and argillaceous 
shale : and the conglomerates are composed of quartz peb- 
bles like those of our Old Bed-sandstone. Deposits of anthra- 
cite exist in Worcester and in Rhode Island, of which an 
admirable account has been published by Professor Silliman. 

Extensive coal-fields are found to the west of the All^hany 
mountains, towards the Mississippi ; and the base of the whole 
extent of the plain of that mighty river appears to be carboni- 
ferous limestone, which extends under the Alleghany moun- 
tains on the east, and the sand plains on the west^ and rests 
on the granitic rocks of Canada on the north. The upper- 
most layer of the mountain limestone supports strata of 
bituminous coal and shale. Iron-stone abounds in these 
deposits, and mines of lead occur over a district of two 
hundred square miles, between the Missouri and the Illi- 
nois.* The principal coal-fields in the United States are the 
Appalachian, the Illinois, and the Michigan ; the Appa- 
lachian is 720 miles long, and, in many parts, 180 wide: that 
of the Illinois is nearly as large as England in extent. 

The Appalachian coal-field, before its original limits were 
reduced by denudation, is computed, by Mr. Lyell, to have 
been 900 miles long and 200 wide. The thickness of the 
carboniferous strata in Virginia and Western Penn- 
sylvania exceeds 3,000 feet.f A large portion of the 
coal is in the state of anthracite, or stone-coal, resulting 
from the influence of high temperature. For the most, the 
bituminous coal is that which is farthest removed from the 
axis of the greatest disturbance, and where the strata have 

* Smart's Travels in the United States. 
t Professor H. D. Rogers* Address, May 1844. 
VOL. 11. z z 
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suffered the least displacement. In the coal-fields where 
the boldest flexures of the Appalachian chain occur, and 
the strata have actually been overturned, as near Pottsville, 
the coal is invariably changed into anthracite.* 

The carboniferous system of the United States presents 
all the essential characters of that of England : the same 
remarkable phenomenon of the prevalence of StigmaruB in 
the underclay of the coal-beds, occurs as constantly as in 
the European coal-fields. Thus in the coal-mines of 
Blossberg, Pennsylvania, the underclays contain StigmarisB 
with their rootlets extending in all directions, as in the 
underclays of the Welsh coal-measures 3,000 miles distant. 
At PottsviUe, where the coal strata are vertical and worked 
in the open air, the same phenomenon appears. " Several 
of the coal seams, ten feet thick, having been removed, a 
void space was left, and in the wall on one side, correspond- 
ing to the roof, were shales full of ferns, lepidodendra^ cala- 
mites, 8cc.; while the other side of the trench was formed of 
the underclay, abounding in stigmarise. These phenomena 
lead to conclusions respecting the origin of coal from 
plants not drifted, but growing on the spot."f But through- 
out some of the beds of underclay, leaves of fern are plenti- 
fully dispersed, though the stigmariae are apparently 
imbedded in their natural position.^ As in Europe, the 
marine shells and corals so abundant in the limestone, 
seldom appear in the coal ; but Mr. Lyell observed a bed 
of black bituminous shale, ten or twelve feet thick, full of 
marine shells, interstratified with the coal, at Frostburg.§ 

21. Organic remains of the Carboniferous Sys- 
tem. — The fossils entombed in these deposits comprise 

* See the section of the eountry between the Atlantic and the Missis- 
sippi, through the Alleghanies; Mr. Lyell's Travels in America, 
p. 92 ; and the admirable geological map of the United States, in the 
same work. 

t Ibid. pp. 62, 85. : Ibid. p. 18. § Ibid. p. 19. 
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munerous genera and species. The i^iimal reflgaains are 
principallj found in the calcareous and arenaceous strat% 
and are referable to zoophytes^ mdlusca, radiaria) aruttace% 
and fishes : but few, if any, undoubted relics of any of the 
higher orders hare been discovered. The vegetable fb68)l% 
besides constituting the entire mass of the eaal» apthracite^ 
itc. are thickly interspersed in the ahalesi grita^ and other 
intervening deposits. The shells are alipoet exelusivQly 
manne, but there are intercalations of fresh-water species 
in some localities ; as, for example, in CWbrook Dale, and 
in the carboniferous beds at Burdie House, near Edin- 
burgh, which consist of limestone and indurated clays^ 
with fresh-water shells, crustaceans, and sauroid fishes, 
associated with terrestrial plants. These appear to be 
interpolations between the marine deposits, and were pro* 
bably formed in an estuary communicating with a river of 
considerable extent.* In the coal measures of several 
parts of the central counties of England, around Shrewa- 
bury for instance, there are likewise beds of fresh-water 
limestones. 

But the grand features of the carboniferous system are 
the immense accumulations of ihe early vegetation of our 
globe, presenting to us, in the most legible and striking 
characters, the peculiar flora of the remote epoch in which 
these deposits were produced. To obtain any satisfactory 
results from an examination of these remains, some know- 
ledge of the internal structure of vegetables is requisite ; 
for in a fossil state many of the external characters are, for 
the most part, so imperfect or obliterated, as to afford but 
obscure indications of the naturq of the original. As in 
our investigations of the fossil remains of animals, we 
availed ourselves of the principles of comparative anatomy 
to reconstruct those extinct forms of being, in like manner 

» Dr. Samuel Hibbert, " On the Fresh-water LimeBtones of Burdie 
House, near Edinburgh." Edinb. Phil. Trans, vol. xiii. 
z z 2 
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we must now call to our aid that branch of science which 
tre9.ts of vegetable organization ; we shall thus be enabled 
to restore anew the forests of extinct palms and tree-ferns, 
the ^oves of coniferae, and all the luxuriant vegetation 
which flourished during the carboniferous epoch. I must, 
however, restrict myself to a brief enunciation of a few 
leading botanical principles.* The works of M. Adolphe 
Brongniart,t and of Messrs. Lindley and Hutton,J should 
be consulted by those who would pursue this attractive 
department of natural history.§ 

22. Organization op Vegetables. — In the previous 
discourse, the complex organization of the higher orders of 
animal existence was remarked ; the structure of vegetables, 
on the contrary, presents a remarkable simplicity. While 
in most animals each separate function is effected by an 
organ of peculiar construction, in plants a few tissues, 
variously modified, constitute the mechanism by which all 
the vegetable functions are performed. The section of any 
living plant shows that its intimate structure is made up of 
cells or vessels. II This organization is differently arranged 
in the grand classes of the vegetable kingdom. In the most 

♦ I have still farther abridged this article in the present edition, 
having fully entered upon the subject in my Medals of Creation, 
vol. i. chap. 4. 

t Histoire des Y6g6tauz Fossiles, ou Hecherches Botaniques et 
G6ologiques, &c. par M. Adolphe Brongniart. 1 vol. 4to. with nume- 
rous plates. 

X The Fossil Flora of Great Britain, by Dr. Lindley and W. 
Hutton, Esq. 8vo. 

§ See also Henslow's Principles of Physiological Botany; a very 
instructive and delightful volume. 

II Eveiy vegetable cell is the result of the development of a minute 
granular body, on the surface of which a transparent vesicle arises, and 
spreads out so as to form a cell, which afterwards expanding more 
in particular parts, acquires the peculiar form which characterizes 
the texture to be fabricated. The chemical composition of this 
elementary structure is identical with starch. In every vegetable, 
whether the oak or the fungus, this primitive membrane presents the 
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simple groap, the ceUulares^ called also the ncotyledane$f 
from the absence of cotyledons^ or seed-lobes, the tissue is 
wholly cellular, the cells being nearly of equal size and oon<' 
sistence ; mosses, lichens, sea-weeds, fungi, &c., are examples 
{ante, p. 601). These plants have no flowers, and hence are 
named cryptogamia. The vegetables belonging to the other 
great class are termed vascularesy from their cellular tissue 
being mote complex, and assuming the structure of tubes 
and vessels ; and phanerogamic!^ from their bearing flowers. 
Their tissue is composed of cells of various sizes and forms, 
and of straight and spiral tubes. This class is subdivided 
into two families, viz. the monocotyledonous^ so named from 
the seed having but one fleshy lobe, or cotyledon (JAgn. 154, 
Jig. 5), as the onion, lily, 8cc., and which are also Cfdled en- 
dogenxmsy {from within\ because increase takes place from 
the innermost part of the stem ; and the dicotyledonouSy 
whose seeds have two lobes {fig. 4), as the bean, almond, 
&c. ; these are likewise termed exogenous^ from the new 
matter being added externally to the old layers, and thus 
forming annual circles of increase, as in the oak, elm, &c. 
{fig, 8). A transverse section of the monocotyledonous 
stems, (as the cane, palm, &c.) presents, therefore, openings 
of tubes, which are condensed towards the outer surface 
{fig. 7) ; while that of the dicotyledonous exhibits annular 
lines of growth with diverging rayS, and a central pith {fig* 8) ; 
the latter character is of peculiar importance, because all this 
other classes are destitute of a central cellular column. 

In some groups of dicotyledonous trees the diongated cells, 
or tubes, are studded with ducts or glands {fi^. 6), and this 
is particularly the case in the woody fibres of the Conifercs^ 
or cone-bearing trees ; so called from the fruit being in the 
form of a cone, as in the pine, fir, &c. ; transverse sections 
of the stems show the concentric layers and radiated struc- 

same character; and all the beautiful and apparently complicated 
tissues of vegetables, are but modifications and ezpansionB of these 
simple elementary nuclei or vesicles. 
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tore peculiar to the dicotyledonous class. In this magnified 
view of a slice of the common fir (Jig, 2), the glands 
are seen to be arranged in double parallel lines. In a re- 
markable family of pines, the AroMcaruB^ these bodies are 




LlOM. 154.— ILLUBTBATIOWB of VEGSTABLB STmUCTCUC. 

Fig. 1. Section of a coniferous tree, showing the concentric and radiated structure. 

2. Longitudinal section of a fragment of pine-wood, magnified to exhibit the 

spotted Tessels. 

3. Longitudinal section of two vessels of an Araucaria, magnified to show the 

glands arranged alternately. 

4. A dicotyledonous seed split open ; the germ is seen in the middle. 

5. Section of a monocotyledonous seed, with the germ below. 

6. Dotted tubes of coniferous wood. 

7. Transverse section of a monocotyledonous stem. 

8. Transverse section of a dicotyledonous tree, showing concentric circles, 

medullary rays, and the central pith. 

placed alternately, and sometimes in triple rows. All the 
trees of this order secrete resin, have branched trunks, and 
linear, rigid, entire leaves : species are found in the coldest 
as well as in the hottest regions. The Araucaria is a 
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native of Norfolk Island, a small spot in the South PaoiflOi 
about fifteen miles in circumference. This Island presents 
a scene of the most luxuriant vegetation, and abounds in this 
particular group of pines, some of which attain a height of 
two hundred feet, and a circumference of thirty. 

Even in the foliage of the plants of the diffisrent fiuiiOisi» 
there are such obvious distinctive characters, that the 
botanist can often, from a mere fragment of a leaf, detect 
the dicotyledonous structure in the fibrous interlacing of 
its vessels, as in that of the oak ; and the monoootjfledonoasy 
in the smooth parallel veins in that of the lilj. The appli- 
cation of these principles to the investigation of the fiwsil 
remains of vegetables we may now consider. 

23. Climate and Seasons indicated btEossilWooik 
— In the course of these Lectures, it has been demonstrated 
how, by a knowledge of comparative anatomy, the form, 
structure, and economy of beings long since obliterated 
from the face of the earth, may with certainty be deter- 
mined; in like manner, by the aid derived finom a few 
botanical principles, we may not only discover the form and 
character of vegetables, of which but the faintest vestiges re- 
main, but also point out important inferences relating to tho 
state of the earth, the nature of the climate, and even of the 
seasons which prevailed at the periods when those plants 
flourished. Our distinguished countryman, Frc^essor Bab- 
bage, has admirably exemplified the inductive process by 
which such results may be obtained : — 

" We have seen, that dicotyledonous trees increase in size by the 
deposition of an additional layer annually between the wood and the 
bark ; and that a transverse section of tack trees fneaents the appear^ 
ance of a series of nearly concentric, irregular rings, the nmaber of 
which indicates the age of the tree. The relative thickness of these 
annular markings depends on the more or less flourishing state of the 
plant daring the years in which they were formed. Each ring may. In 
some trees, be observed to be subdivided into others, thus indicating 
successive periods of the same year during which its Tigetatiaa was 
advanced or checked. These rings are distorfoed in certain parts by 
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irregularitieB resulting from branches ; and the year in which each 
branch first sprang from the parent stock, may therefore be ascertained 
by proper sections. These prominent effects are obvioas to onr senaes ; 
but every shower that falls, eveiy change of temperatnre that occniBy 
and eveiy wind that blows, leaves on the vegetable world the traces <^ 
its passage ; slight, indeed, and imperceptible perhaps to us, but not 
the less permanently recorded in the depths of those woody &brics. 

'' All these indications of the growth of the living tree are preserved 
in the fossil trunk, and with them also frequently the history of its 
partial decay. Let us now examine the use we can make of these 
details relative to individual trees, when considering forests submerged 
by seas, imbedded in peat mosses, or transformed, as in some of the 
harder strata, into stone. Let us imagine that we possessed sections 
of the trunks of a considerable number of trees, such as those occurring 
in the stratum called the Dirt-bed in the Island of Portland {ante, 
p. 386). If we were to select a number of trees of about the same size, 
we should possibly find many of them to have been contemporaries. 
This fact would be rendered probable if we observed, as we doubtless 
should do, on examining the annual rings, that some of them, con- 
spicuous for their size, occurred at the same distances of years in several 
trees. If, for example, we found on several trees a remarkably large 
annual ring, followed at the distance of seven years by a remarkably 
thin ring, and this again, after two years, succeeded by another large 
ring, we should reasonably infer from these trees, that seven years after 
a season highly favourable to their growth, there had occurred a season 
unfavourable to them : and that after two more years, another very 
&vourable season had happened, and that all the trees so observed had 
existed at the same period of time. The nature of the season, whether 
hot or cold, wet or dry, would be known with some degree of probabi- 
lity, from the class of tree under examination. This kind of evidence, 
though slight at first, receives additional and great confirmation by 
the discovery of every new ring which supports it; and, by a con- 
siderable concurrence of such observations, the succession of seasons 
might be ascertained in geological periods, however minute." 

24. Microscopic examination of fossil trees.* — 
The discovery of a process by which the structure of fossil 
vegetables can be examined with as much facility as that 
of recent plants, has shed an unexpected light on the an- 
cient botany of our planet. On this plate of glass you 
perceive a thin film of a dark substance, apparently of 
varnish. It is a slice of the blackest jet, and if held 
* Medals of Creation, vol. i. p. 76. 
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between the eye and the light, appears of a rich brown 
colour, and displays a ligneous structure, resembling that 
of deal or fir ; it is, in fact, a thin section of fossil coni- 
ferous wood ; for jet is nothing more than the wood of 
some species of fir or pine, that has undergone the process 
of bituminization, as I shall presently explain. When 
viewed under a microscope, the small glands, which I have 
mentioned as peculiar to the Coniferm {Lign. 154, fig, 23), 
are distinctly visible. The other specimens before us are 
silicified woods, prepared in the same manner. A few 
words, in explanation of the mode by which sections of such 
extreme thinness are obtained, may not be uninteresting. 
A slice is first cut from the fossil wood by the usual pro- 
cess of the lapidary ; one surface is ground perfectly flat^ 
and polished, and then cemented to a piece of plate glass 
by means of Canada balsam ; the slice thus firmly attached 
to the glass is next ground down to the requisite degree of 
tenuity, so as to permit its structure to be seen by the aid 
of the microscope. It is by this ingenious process that the 
intricate structure of any fossil plant can now be inves- 
tigated, and the nature of the original determined, with as 
much accuracy as if it were living.* 

25. Nature of Coal. — In this stage of our inquiry, 
the nature of the process by which vegetables are con- 
verted into the mineral substance termed Coaly requires 
additional consideration. When sections of coal, obtained 
by the method above described, are examined under the 
microscope, the fine reticulated structure of the tree or 
plant whence it was derived, is distinctly visible ; and often 
the cells are filled with a light amber-coloured matter of a 
bituminous nature, and so volatile as to be readily expelled 
by heat before the texture of the coal is destroyed-f 

* See Observations on Fossil Vegetables, by Henry Witham, 
Esq. F.G.S. 1 vol. 4to. With plates of the internal Btructure of 
fossil plants. 

t Mr. Hutton, on " Coal." 
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The ducts or glands on the vessels of the conifena may 
often be detected, on the recently exposed sur&ceof a blook 
of coal without any preparation whatever. Even in tiie 
ashes of coal, after incineration, the spiral vessels frequently 
remain unii\}ured, and form interesting microBOOptcal 
objects ; and in the anthracite, or stone-coal of America^ 
which is a hard slate rock, the vascalar tissae may be 
rendered distinctly visible.* 

Mr. Parkinson, whose work abounds in interesting obeer- 
vations and experiments on the fossilization of vegetable 
substances, has shown that the formation of ooal haa de- 
pended upon a change, which all vegetable matter undergoes 
when exposed to heat and moisture, under drcumstances 
that exclude the air, and prevent the escape of the moire 
volatile principles.! In this condition, a fermentationi 
which he terms the bituminous, takes place, of which the 
phenomenon exhibited by moW'bumt hay is a fiuniliar 
example. The production of sugar, and, by continuance 
of the process, of vinegar, is effected by vegetable fermen- 
tation in the open air. In the process of hay-making, the 

* A method has lately been discovered by Dr. Franz Schnlz, by 
which the internal vegetable structure may be more readily detected 
in lignite, coal, anthracite, &c., than by any other previously known. It 
consists in treating the coal to be examined with nitric acid in a 
platinum vessel, and then evaporating the acid by a moderate heat, 
and igniting the residue till no further empyreumatic vapours are 
given off; the residue is submitted to the action of nitric acid, and the 
ignition repeated. Thus prepared, the coal is placed in a platinom 
crucible with a lid perforated in the centre, and air is blown from a 
gasometer through the aperture in the lid, while the crucible is kept 
at a red heat over a spirit-lamp, so that the coal is slowly consnmed. 
The ash thus obtained is not in the state of coke, as would be the case 
in the ordinary method of incineration, but forms a brown powder 
full of white splinters. These splinters, on microscopical examination, 
are found to be the siliceous cellular structure of the original yogd- 
table. By this process vegetable tissue has been detected in the 
anthracite f or stone-coal of Pennsylvania, by Dr. Baily. — See Ameriocm 
Journal of Science, vol. i. 2d series, p. 124. January, 1846. 

t Organic Remains of a Former World, vol. L p. 181. 
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saccharine fermentation is induced, and the grass acquires 
a peculiar fragrance and sweetness; hut in wet seasons, 
when the hay is prematurely heaped together, the volatile 
principles cannot escape &om the inner mass of vegetable 
matter, heat is rapidly evolved, a dense vapour exhales, 
and at length flames hreak forth, and the stack is consumed. 
When the process is interrupted, and comhustion prevented, 
the hay is found to have acquired a dark-brown colour, a 
glazed or oily surface, and a bituminous odour. Were 
vegetable substances, under the circumstances here de- 
scribed, placed beneath great pressure, so as to confine the 
gaseous principles, bitumen, lignite, or coal, might be pro- 
duced, according to the various modifications of the process. 
Mr. Parkinson thus traces vegetable matter through eveiy 
stage of the saccharine, vinous, acetous, and bituminous 
fermentations; producing alcohol, ether, naphtha, petroleum, 
bitumen, amber, and even the diamond ; and explains that 
by the process of bituminization, stems and branches have 
been converted into brown coal, lignite, jet, coal, and 
anthracite. 

26, LiEBiG ON THE FORMATION OF CoAL. — The nature 
of these changes is thus explained by the eminent chemist. 
Baron Liebig. Vegetable substances after death undergo 
two processes of decomposition; namely — 

1st. Fermentation or decay, which is as low process of combustiion, 
in which the combustible parts of a plant unite with the oxygen 
of the atmosphere ; for the decay of woody fibre in contact with 
air or oxygen, converts the latter into an eqoal yolame of car- 
bonic acid ; the presence of water and a certain tempemtore 
being necessary. Woody fibre in a state of decay forms humua, 

2dly. Mouldering or piUrefaction of wood subjected to the action oif 
water, and more or less excluded from the air. When pure 
ligneous fibre, as linen, for example, is placed in contact with 
water, considerable heat is evolyed, and the Tegetable matter 
loses its coherence, and becomes a soft friable mass; in shorty 
it undergoes a true putrefaction. 

When all access to air is excluded and consequent oxidation and a 
removal of a certain quantity of hydrogen, then other ehanges ensue^ 
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and tnie mineral coal containing combustible oils is the result. In 
deposits of wood-coal changes are still going on, as is proved by the 
issue from clefts in the rocks of the coal formation, of inflammable 
gases; as carburetted hydrogen, nitrogen, and olefiant gas. Thus 
from the continual removal of oxygen in the form of carbonic acid, 
from layers of wood-coal, that substance gradually approaches in its 
composition to mineral coal. From the latter hydrogen is disengaged 
in the form of a compound of hydro-carbon ; and the removal of all 
the hydrogen forms anthracite or stone-coal.^ 

The chemical changes of this nature which are conti- 
nually taking place in carboniferous deposits, give rise to 
those evolutions of carburetted hydrogen, or fire-dampy 
which are frequently so fatal to the miners. And it is a 
fact worthy of remark, as corroborative of the opinions 
above advanced, that the bituminous quality of the coal 
depends on the nature of the bed which immediately covers 
it. If this be argillaceous shale the escape of the gaseous 
matter of the coal is prevented ; but if the roof be arena- 
ceous, the gas is evolved from the coal, and collects in the 
innumerable fissures and pores of the sandstone, which 
become filled with carburetted hydrogen, and form as it 
were a gasometer, ready to explode upon any occasion. 
Mr. Hutton is of opinion that this gas exists in a highly 
condensed, and even liquid state in the pores of the coal ; 
and that the small explosions (termed by the miners eruc- 
tations) which often take place when the coal is struck 
with a pick, are due to the sudden expansion of the con- 
densed gas. I 

According to the analysis of Dr. Thompson, the best 
Newcastle coal consists of — Carbon, 75.28; Hydrogen, 4.18; 
Oxygen, 4.58; Nitrogen, 15.96. 

Iron and copper pyrites abound in many of the beds of 
coal ; and indeed, these metallic substances are very gene- 
rally met with in accumulations of carbonized vegetables. 
The carburetted hydrogen, with the acid and extractive 

* Liebig's Chemistry, translated by Professor Playfair. 
t Sir H. De la Beche, Geological Manual, 3d edit. 
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matter^ resulting from vegetable decomposition, are adequate 
to produce copper pyrites, and even metallic copper from 
water holding salts of copper in solution. The pyrites op 
copperas, as it is termed, so abundant in the Wealden strata 
of the Isle of Wight, has originated from this cause. 

27. Bitumen, Petroleum, Naphtha. — The changes 
effected in vegetable matter during its conversion into coal, 
also give rise to various bituminous productions. Mineral 
oil is an inflammable fluid which often occurs in carboni- 
ferous deposits, sometimes forming powerful springs. 
Naphtha is another liquid of this nature, which is nearly 
colourless, and transparent, bums with a blue flame, emits 
a strong odour, and leaves no residuum. In driving a 
level through coal shale in Derbyshire, springs of naphtha 
burst forth, and covered the surface of the water in the 
level ; and having been accidentally set on fire by the 
approach of a candle, formed a burning spring, which con- 
tinued some weeks. 

Petroleum is of a dark colour, and thicker than common 
tar ; in the carboniferous strata of Coalbrook Dale, and in 
some parts of Asia, this substance rises from coal-beds in 
immense quantities. From a careful analysis of petroleum, 
and certain turpentine oils, it is clear that their principal 
component parts are identical; and it therefore appears 
evident that petroleum has originated from the coniferous 
trees, whose remains have contributed so largely to the 
formation of coal ; and that the mineral oil is nothing more 
than the turpentine oil of the pines of former ages — ^not 
only the wood, but also large accumulations of the needle- 
like leaves of the pines may have contributed to this 
process. We thus have the satisfaction of obtaining, after 
the lapse of thousands of years, information as to the more 
intimate composition of those ancient forests of the period 
of the great coal formation, whose comparison with the 
present vegetation of our globe is a subject of so much 
interest. The mineral oil may be ranked with amber, 



704 THE WONDBES OP GEOLOGY. L»CT. VII. 

succinite, and other similar bodies which occur in the strata. 
The springs of petroleum do not seem to depend on com- 
bustion, as has been supposed, but to be simply the effect 
of subterranean heat. According to the information we 
now possess, it is not necessary that strata should be at 
a very great depth beneath the surface to acquire a tem- 
perature equal to the boiling point of water, or mineral 
oil. In such a position the oil must have suffered a slow 
distillation, and have found its way to the surface; or 
have so impregnated a portion of the earth, aa to form 
springs or wells, as in various parts of Persia and India.* 

Bitumen is an inspissated mineral oil, of a dark brown 
colour, with a strong odour of tar. In the Odin mine of 
Derbyshire, a species occurs which is elastic^ being of 
the consistence of thick jelly, and bearing some resemblance 
to soft India-rubber; as it will remove the traces of a 
pencil, it has been named mineral caoutchouc* Some 
bitumens possess the colour and transparency of amber : 
the soft varieties may be rendered solid by heat 

From these bituminous substances, we pass by an easy 
transition to Amber, of which we have already spoken 
(p. 242), for black amber, both in its appearance and com- 
position, closely resembles the solid bitumens. 

A mineral called meUite, or honey-stone, from its colour, 
is found among the bituminous wood of Thuringia, which 
in its chemical composition, and electrical properties, bears 
a great analogy to amber ; it is usually crystallized in 
small octahedrons.t 

28. The Diamond. — The chemical constituents of the 
substances above described are chiefly carbon and hydrogen, 
with a small proportion of oxygen, the essential elements 
of vegetable matter. But the Diamond is pure carbon ; 
at a heat less than the melting point of silver, it bums, and 
is volatilized, yielding the same elementary products as 

* Dr. Reichenbach. 

t Organic Remains of a former World, vol. i. pi. i. fig. 2. 
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charcoal. Sir Isaac Newton remarked, that the refraotiTe 
power, that is, the property of bending the rays of light, 
was three times greater in respect of their denflities, in 
amber and in the diamond, than in other bodies ; and he 
therefore concluded that the diamond was some unctuous 
substance that had crystallized. 

Sir David Brewster observed, that the globules of air 
(or some fluid of low refractive power) occasionally seen in 
diamonds, have communicated, by expansion, a polarising 
structure to the parts in immediate contact with the air- 
bubble, a phenomenon which also occurs in amber. This 
is displayed in four sectors of polarized light encirding the 
globule of air; a similar structure can be produced arti* 
ficially, either in glass or gelatinous masses, by a compres- 
sing force propagated circularly from a point. This cannot 
have been the result of crystallization, but must have arisen 
from the expansion exerted by the included tar on the 
amber and the diamond, when they were in so soft a state 
as to be susceptible of compression from a tery small force; 
hence Sir David Brewster concludes that, like amber, the 
diamond has originated from the consolidation of vegetable 
matter, which has gradually acquired a crystalline form by 
the slow action of corpuscular forces.* 

Liebig concurs in the opinion that the diamond is of 
vegetable origin, and offers the following remarks on its 
probable mode of formation. 

" If we suppose decay to proceed in a liquid containing 
carbon and hydrogen, then a compound with stiU more 
carbon must result, in a manner similar to the production 
of the crystalline colourless iiaphthalin frc^n a gaseous 
compound of carbon and hydrogen. And if the compound 
thus formed were itself to undergo further decay, the final 
result must be the separation of carbon in a crystalline 
form. Science can point to no process capable of account- 
ing for the origin and formation of diamonds, except that 
* Geolog. Trans, vol. iii. p. 459. 
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of decay. Diamonds cannot have been produced by the 
action of fire ; for a high temperature and the presence of 
oxygen gas, would call into play their combustibility. But 
there is the greatest reason to believe that they have been 
formed in the humid way — that is, in a liquid ; and the 
process of decay is the only cause to which their formation 
can with probability be ascribed."* 

The matrix of the diamonds of Southern India is the 
sandstone breccia of the clay-slate formation. Captain 
Franklin discovered in Bundel Kund, diamonds imbedded 
in sandstone, which he supposed to be the same as the New 
Red-sandstone, for there were at least 400 feet of that rock 
below the lowest diamond beds, and strong indications of 
coal underlying the whole mass.f 

29. Anthracite, Plumbago, &c. — The coal commonly 
used for domestic purposes in this country is the bitumi- 
nous, containing, as previously stated, a volatile inflam- 
mable fluid in its cellular structure. The Anthraciteyll. 
culm, or stone-coal, is coal deprived of its bitumen, by the 
causes already explained. "When coal is in contact with 
trap, or basalt, it is often in the state of anthracite ; 
while the layers in immediate contact with the volcanic 
rocks are charred, and in some instances, the mass is 
converted into plumbago, or graphite ; the substance used 
for drawing-pencils. By a series of interesting experi- 
ments, that eminent chemist and geologist. Dr. Macculloch, 
demonstrated the transitional changes from bitumen to 
plumbago. Hydrogen predominates in the fluid bitumen ; 
bitumen and carbon in coal ; in anthracite bitumen is alto- 
gether wanting ; and in plumbago, the hydrogen has also 
disappeared, and carbon only or chiefly remains. 

In America, from the prevalence of anthracite in the 
carboniferous deposits, this substance is in universal use ; 

* Liebig's Chemistry, vol. 1. p. 336. 

t London and Edinburgh Journal, October, 1835. 

X The name is derived from a Greek word, signifying coal. 
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but in England it is seldom employed except in the fur- 
naces of our manufactories. Tliis kind of ccml is liowever 
largely developed in many districts ; and tLe anthracite of 
South Wales extends from the Yale of Neath on the east, 
to St. Bride's Bay on the west. Some of this coal is in the 
state of charcoal, and requires a degree of heat of 53 P 
Fahrenheit, for its ignition ; but when ignited, it burns 
with a bright flame, and is the most durable of fuel. 

30. Petrifaction op Vegetables. — As in the sand- 
stones and other strata, the stems of trees and plants are 
often found, not in the state of coal, but converted into 
stone— in some instances calcareous, in others siliceous — 
I shall in this place offer a few remarks in illustration of 
the process by which such a change has been effected. 

In true petrifactions a transmutation of the parts of an 
organized body into mineral matter takes place. Patrin^ 
Brongniart, and other philosophersj suppose that petri- 
faction has frequently been effected suddenly, by the com- 
bination of gaseous fluids with the constituent principles 
of organic structure. It appears^ indeed, certain^ that the 
conversion of animal and vegetable substances into sOeX) 
must, in many instances, iiave been almost instantaneous, 
for the most delicate parts, those which would undergo 
decomposition with the greatest rapidity, are preserved. 
The fact of the silicification of trees in loose sand, and of 
the soft bodies of mollusea in their shells, as in the fossil 
oysters found in the chalk at Brighton,* while neither the 
sand nor the shells are impregnated with silex, cannot be 
explained by the infiltration of a siliceous fluid into cavi- 
ties left by the decomposition and removal of the animal 
substance. Von Buch has shown that the silicifying 
process never immediately attacks the calcareous sliel!, 
but developes itself only upon the organic matter, and 
that where this substance is not present^ no silicification 
* Medals of Creation, p. 363* 

VOL. n. 3 a 
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takes place. A combination of gaseous fluids with the 
constituent principles of the animal or vegetable substances, 
changing the latter into stone, without modifying the 
arrangement of the molecules so as to alter the external 
form, seems the only mode by which such transmutations 
can have been effected. The production of congelation, by 
a simple abstraction of caloric, is akin to this change ; but 
petrifaction is induced by the introduction of another prin- 
ciple. As to density, the most subtile gas may acquire the 
greatest solidity ; as, for example, in the union of oxygen 
with metallic substances. 

The following observations of Mr. Stokes,* on fossil 
wood partly petrified by carbonate of Hme, throw light on 
this subject. The specimen which gave rise to these 
remarks was a piece of beech-wood, from a Roman aque- 
duct in Germany, in which were several insulated portions, 
converted into carbonate of lime, while the remainder was 
unchanged. " Sometimes," observes Mr. Stokes, " the 
most minute structure is preserved, as in the vessels of 
palms and conifersB, which are as distinct in the fossil as 
in the recent trees. From this state of perfection, we have 
every degree of change, to the last stage of decay : the 
condition of the wood, therefore, had no influence on the 
process. The hardest wood, and the most tender and suc- 
culent, as for instance, the young leaves of the palm, are 
alike silicified. In some instances, the cellular tissue has 
been petrified, and the vessels have disappeared ; here sili- 
cification must have taken place soon after the wood was 
exposed to the action of moisture, because the cellular 
structure would soon decay ; the process was then sus- 
pended, and the vessels decomposed. In other examples, 
the vessels alone remain ; a proof that petrifaction did not 
commence till the cellular tissue was destroyed. The 
specimens where both cells and vessels are silicified, show 
* Transactions of the Geological Society, vol. v. p. 207. 



$ 31. ARTIFICIAL VEGETABLE PETRIFACTIONS. 70& 

that the process began at as early period, and continued till 
the whole vegetable stnicfcure waa transmuted into stone,** 

My lamented friend, the late Dr» Turner^ in some admira- 
ble comments on the subject of petrifactiouj rem ark ed^ that 
whenever the decomposition of an organic body has begun, 
the elements into which it is resolved are in a condition 
peculiarly favourable to their entering into new combina- 
tions ; and that if water, charged with mineral matter, come 
in contact with bodies in this state, a mutual action takes 
place, new combinations result, and solid parti cles are pre- 
cipitated, so as to occupy the place left vacant by the 
decomposed organic substance. 

31. Artificial Vegetable Petrifactiokb. — M. Gop- 
pert has published the result of an interesting investigation 
of the condition of fossil plants, and the process of petrifac* 
tion. Layers of ironstone nodules, as we have previously 
stated, are common in the carboniferous strata. They 
appear to have once constituted continuous layers, the 
nodules having been produced by segregation, i. e^ the sub- 
stance of which they are composed has separated from the 
constituent parts of the rock after deposition** The first 
segregation often appears to have been caused by the 
presence of some extraneous matter, sometimes a trilobite, 
or a shell, and very commonly the leaf of a fern.f Mr. Par* 
kinson had remarked, that the leaves in these nodules might 
sometimes be separated in the form of a carbonaceous film; 
and M. Goppert having found similar examples, was in- 
duced to undertake a set of experiments. He placed fern- 
leaves in clay, dried them in the shade, exposed them to a red 
heat, and obtained striking resemblances to the fossil plantK, 
According to the degree of lieat^ the plant was found to be 
either brown, shining black, or entirely lost, the impiession 
only remaining ; but in the latter case the surrounding clay 

* Sir H. De la Beche, Kti>aaj(^befi in 'rheoretical Geology* p^ 96, 

f Medals of Creation, p. SL 

3 A 2 
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was stained black, thus indicating that the colour of the 
coal shales is from the carbon derived from the plants they 
include. Plants soaked in a solution of sulphate of iron 
were dried and heated till every trace of organic matter 
had disappeared, and the oxide was found to present the 
form of the plant. In a slice of pine-tree the punctured 
vessels peculiar to this family of vegetables were percep- 
tible. These results by heat are probably produced natu- 
rally, by the action of moisture under great pressure, and 
the influence of a high temperature. 

32. SiLICIFICATION, OR PETRIFACTION OP VEGETABLES 

BY siLEX. — The various forms in which silex is found, are 
proved to have been dependent on its state of solution ; in 
quartz crystals it was entirely dissolved; in agate and chal- 
cedony it was in a gelatinous state, assuming a spheroidal, 
or orbicular disposition, according to the motion given to 
its molecules. Its condition appears also to have been 
modified by the influence of organic matter. In some 
polished slices of flints from Bognor, the transition from 
flint to agate, chalcedony, and crystallized quartz, is beau- 
tifully exhibited. The shell of an echinus, in my posses- 
sion, is transmuted into crystallized carbonate of lime, while 
the lower portion of the cavity is occupied by flint, on 
which is a layer of crystals of calcareous spar. The curious 
fact; that the shells of the echinites in the chalk are almost 
invariably filled with flint, while the crustaceous covering 
is converted into calcareous spar, is, perhaps, attributable 
to the animal matter having undergone silicification; for the 
most organized parts are those which appear to have been 
most susceptible of siliceous petrifaction. In a specimen in 
my collection, the oyster itself is turned into flint, while the 
shell is, as usual, carbonate of lime.* The shells of mol- 
lusca, the crustaceous skeletons of echinoderms, and the 
guards of the belemriites, appear to have possessed too 
* Medals of Creation, p. 363. 
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large a proportion of calcareous earth, to be silicifted ; they 
seem to have been changed into spar, bj water charged 
with carbonic acid goa having iasensiblj effected the 
crystallization of their molecules.* 

Some specimens of silicified wood, collected from the 
interior of Australia, by Sir T. MitcheU, and recently trans- 
mitted to the British Museum, are entirely permeated by 
si lex ; but on the external surface of these stems, there are 
some circular spots of i^halcedony, that appear to have origi- 
nated from the exudation of the liquid silex from the interior, 
in viscid globules distended with air^ which bursty collapsed, 
and became solidified iu their present form. 

That silicificatioQ is induced under circumstances con- 
nected with a high temperaturei, we have a remarkable 
instance in the petrified wood obs^aryed in Kerguelen Island, 
by Captain Sir James Ross, Seams of coal, varying in 
thickness from a few inches to four feet, are imbedded in trap 
rock ; and numerous fossil trees were found lying under a 
bed of shale, which was covered by a mass of basalt several 
hundred feet thick. Some portions of the wood were so 
little altered that it was necessary to take them in the hand 
to be convinced of their fossil state j and tbe wood was 
found passing from that condition into charcoal which 
would burn freely ; while other portions were so completely 
silicified as to scmtch glass. | In fact, the permeation of 
vegetable tissues, by aqueous solutions of silcK of a high 
temperature, appears to be the necessaiT' condition under 
which silicification takes place.J 

* See an interesting Esaaj on this aubjoctj hy M. AleiLandre Brong* 
niart, " ^Jssai aur Ua Orbicules Mideux, ike'* Paria, I83t, 

t Voyage of Diseciverj in the Son them and An tactic Kegionfi, in 
1839-43. 

J The experimenta and obaeryaticins on the itractnfe of plants, by 
my friend, Mr. Reade, afford some mtereating facts in illuatratioQ of 
this subject. Mr. Eeade fitates that " by the agency of heat the 
surroundmg siliceouB matter may be, liqnefied, and the carbon and 
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33. Fossil Plants of the Coal. — ^I proceed to 
the examination of the flora of the carboniferous epoch. 
The layers of pure coal, as we have already stated, are 
wholly composed of carbonized vegetables ; and when we 
consider that these beds are from ten to thirty feet in thick- 
ness, and in some instances amount even to sixty feet,* it 

gaseous products of the wood dispelled, while the essential characters 
of the fibrous and cellular structure are undisturbed. The unconsnmed 
portions, which alone constitute the true vegetable frame-work, are 
thus, as it were, mounted in the fluid silica. This property of vege- 
table fibre, of retaining its form, notwithstanding the action of a high 
temperature, suggested to me the probability of detecting structure in 
the ashes of coal ; and upon examination, I found that the white ashes 
of ' slaty coal * furnish most beautiful examples of vegetable remains." 
In a subsequent paper the author adds the following remarks: — 
" Having ascertained that the siliceous organization of recent plants is 
not destructible, even under the blow-pipe, it appeared to me a 
natural inference, that the less intense heat of a common fire would 
not destroy this siliceous tissue in the coal-plants; and my opinion has 
been confirmed, for I have detected in the white ashes of coal all the 
usual forms of vegetable structure, viz. cellular tissue, smooth and 
spiral fibre, and annular ducts. A comparison of the ashes of coal with 
those of recent plants, would doubtless afford some further insight into 
the nature of fossil vegetables. To mention only one instance — I have 
ascertained that the lumps of carbonized matter, which occur abun- 
dantly in the upper sandstone near the Spa at Scarborough, are, in al 
probability, portions of the stems of some arundinaceous or gramineous 
plants. The structure of the epidermis is precisely similar to that of 
the oat, consisting of parallel columns, set with fine teeth, dove-tailing, 
as it were, into each other, while the underlying tissue consists of 
cubical cells, a thin horizontal section exhibiting a series of squares* 
From these facts it is evident, that the true framework and basis of 
vegetable structure in the plants of coal, is not only entirely indepen- 
dent of carbon, but that it has also resisted the bituminous decompo- 
sition, which has converted all the carbonaceous materials into a 
highly inflammable substance." — Rev. J, B. Beade, F.ll.S. on the 
Structure of the solid Tnatericds found in the Ashes of Recent and 
Fossil Plants. — Journal of Science, vol. ii. p. 413. 

* In England, the thickest bed of coal, amounting to thirty feet, is 
in the Dudley basin. In Poland, there is a continuous mass of coal, 
sixty feet thick.— /S'lV R. Murchison. 
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seems difficult to account for sucli an immensG accumulation 
of wood, and pi ante, and foliage^ as would be required to 
produce so enormous an amount of carLon, witJiout any 
intermixture of eartby detritus. Wor is it possible to con- 
ceive that such bediS could have been formed by the suc- 
cessive submersion of a region covered with vegetation^ 
The shales above the coal are highly charged with carbon- 
aceous matter, and contain a profusion of kaveg and stems. 
The vegetable remains are always in a carbonized state ; but 
the leaves sometimes possess such a degree of tenacity and 
elasticity as to be separable from the stone. The leaves 
and seed-vessels which occnr in tlie iron-stone nodules 
have, in many instances, undergone a metallic impregnation, 
as is often the case in specimens from Coalbrook Dale* 
Brilliant sulphuret of iron, or pyrites^ in some examples, 
permeates the entire vegetable tissue; in others, the stoma 
and leaflets are replaced by white hydrate^ or sulphate of 
alumina ; and in many, by cry stab of galenaj or sulphuret 
of lead, and of blende or snlphtiret of zinc. In the sand- 
stones, the stems have generally a carbonaceous crust, and 
their internal structure is sometimes found in a calcareous, 
and occasionally in a silicified state. 

The coal plants which have been accurately determined 
amount to nearly a thousand species, of which two-third^ 
are related to the ferns, and the higher tribes of the cr3rpto» 
gamia ; the remainder consist of coniferse, and a few flower- 
ing monocotyledonous and dicotyledonous trees.* But 
numerous species are undescribed, and new forms are 
continually being discovered. 

* M. Adolphe Brongniart, in an interesting memoir on the genus 
Nlkfgerathia {Ann. dea Sciences Naturelles, Janvier, 1846) states, that 
according to the present state of fossil botany, the terrestrial vegetation 
of the earth, at the carboniferous epoch, was limited to two of the grand 
divisions of the vegetable kingdom, namely, " les Cryptogames aero- 
genes ou Vasculaires, et les Pkan&rogames dicotyUdones gymno- 
Mptrmes.^' 
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The British species exceed 200 ; * I will place before 
you a few of the predominant forms, which will serve to 
convey a general idea of the nature of the carboniferotts 
flora ; for the greater number of the plants that are found 
in the British coal-mines also occur in £urope, America, 
Australia, and even Greenland.! The coal-field on the 
shores of Lake Breton contains plants identical with that of 
Newcastle, though 3,000 miles distant.J 

Such was, and is, generally the received opinion ; but it 
is probable that more extended observations will modify this 
conclusion ; for already an accurate investigation of but a 
few specimens of fossil plants from the coal formation of 
Australia, proves that the ancient flora of that country 
diflers essentially from that of Europe ; and no traces 
have been observed of those remarkable and abundant 
genera which are characteristic of the European and 
American coal-fields — such as Sigillaria, Calamites, and 
Lepidodendron.§ 

34. Equisetaceous plants. — The stems of several 
gigantic plants allied to the JSquwetumJluviatile, or Mare's- 
tail of our marsh lands, are very abundant in the coal 
measures. While the recent species seldom exceed two 
feet in height, and half an inch, or an inch in diameter, 
the fossil stems often attain twenty or thirty feet in height, 
and fourteen inches in diameter. The £Jquisetum columnare^ 
is a common species both in the carboniferous strata, and 
in the oolite ; and in both formations is occasionally found 
in an erect position. |j 

« See Mr. Tennant's usefdl little volame, entitled^ A Stratigraphical 
List of BritlBh Fossils, London, 1847. 

f Prodrome d'une Histoire des V6getaux Possiles, par M. Adolphe 
Brongniart. 

X Mr. Lyell's Travels in America. 

§ See Mr. Morris on the Fossil Flora of Australia, in M. de 
Strzelicki's New South Wales. 

Ij See Medals of Creation, p. 108. 
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Oalamites. The plants of this extinct genua, closely re- 
semble the Marestaii, but are destitute of the encircling 
sheaths, and are unifbrmly stri- 
ated longitudinally. They 
are often forty feet long, 
and three feet in diameter^ 
and are so abundant in the 
coal, as to prove that they 
constituted an important fea- 
ture in the flora of the coun- 
tries of the carboniferous 
epoch.* Calamites have also 
been found in strata below the 
coal, and belong to the most ^'"''^ i55,-CAtAiiiTi» cABii.««m. 

. ^ ^ ^ ? , , . »is f from Cofllbroolt Dal^. 

ancient terrestrial vegetation 

of which any traces have been discovered. A fragment of 
a small stem, with leaves^ is represented in Lifjn. 155. 
Asteroj)hyllites, Pbnts 
with verticillate leaves 
are common in tlie 
coal-shales ; they have 
been nsunedAsterophi/l- 
lites, or Star-leaf. Some 
of them resemble the 
foliage of Equisetum or 
Hippuris, but no cer- 
tain conclusions have 
been obtained as to the 
nature of the originals* 
Two of the usual forms 
are here represented 
{Lign. 156 and 158, j%. 
1). They are often 
associated with seed- 
vessels, which occur in 

* Medab of CrealioDj p. 110. 
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groups of from five to twenty, and were evidently didy- 
mous, that is, grew in pairs.* 

35. Fossil Ferns. — The Brake or fern of our commons 
and waste lands, is a familiar example of a remarkable and 
numerous family of plants, distinguished by the peculiar 
distribution of their seed-vessels. The arborescent ferns 
rise into trees from thirty to forty feet in height, their 
stems being marked with scars from the decay of the leaf- 
stalks, and their summits covered with an elegant canopy 
of foliage; their general appearance is shown in this 
sketch (Lign. 167, Jig. 5). The leaves of the herbaceous 
species are very elegant, and present great variety in 
their forms, and in the mode in which the veins of the 




1 2 

LiGN. 157.— From the Carboniferous strata at Burdie-House. p. 693. 

Fig. I. Sphenopteris linearis. 
— 2. affinis. 

leaf are disposed ; from the character of the latter, M. Adol- 
phe Brongniart has established the generic distinctions of 
the fossil plants of this family. The beautiful state in 
which these remains occur in the coal shale, is shown in the 

* Medals of Creation, p. 153, Li^. 34. 
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specimens before us (Lign. 157, 158). Ths fructification 
on the back of the leaf is sometimes preserYed, 

The stems, with their ellipticiil cicatrices, or scars j bear 
some resemblance to those of the palms, but are readily 
distinguished, from their longest diameter being yerticalj 
while in the palms it is transverse : sections of the siems 
of these two tribes have also distinctive characters.* "Th^ 




Lion* ISft.—FROH CoAi-BaooK Dale. 
FIBh It ABteroiJhyllitca PaTkinsoni. 
— 2. Pecopteris Mintclli. 

large tree-ferns are confined almost exclusively within the 
tropics; humidity and heat being the conditions most 
favourable to their develop- 
ment. In the coal J there are 
not less than loO species of 
ferns, ncai'ly all of which be- 
long toi\i^tr\heo£Poh/podm' 
cece; the common I'ol^podt/, 
so frequent on old walls, will 
convey ao idea of the charac- 
ters of their foliage. The 
fossil species present great ^ 




"^-y 



variety and elegance in the 



from Cyalbrook Dale. 



Vegfitaux FoflsileBj tcmi. i. pl^ 37 
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form and disposition of the fronds and pinnules. The 
Pecopteris, a genus containing fifteen British species, is 
found every where (Lign, 158, 159).* 




1 3 2 

LiGN. 160. — SiGILLARIJB, AKD FERK, FROM THE COAL-MBA8URE8. 

(One-fourth the natural size.) 

Fig. 1. Sigillaria Voltzii, from the anthracite of Baden; a the external 
surface ; b the inner surface, a portion of the outer bark bein; 
removed. 

— 2. Sigillaria Sillimani : from the coal-mines of Pennsylvania. 

— 3. Pecopteris Miltoni; a specimen showing the young frond coiled up 

like a crosier. 

36. Sigillaria. — Among the most common and striking 
objects that arrest the attention of a person who visits a 
coal-mine for the first time, and examines the fossil remains 
profusely scattered around him, are long flat narrow slabs 
of a coaly substance, having the surface fluted longitudi- 
nally, and uniformly ornamented with rows of deeply 
imprinted symmetrical figures, disposed with great regu- 
larity. These relics are the flattened stems, covered by 
the bark or rind, of trees of large size : the markings on 
the surface being the scars left by the separation of the 
petioles or leaf- stalks, f The name Sigillaria has been 

* See Medals of Creation, pp. 111—129, for figures and descrip- 
tions of fossil ferns. 

t The markings left on a cabbage-stalk by the removal of the 
leaves are of a similar nature. 
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given to these extinct trees, from the impresaions appear- 
ing as if made by a seal or die, Theae stems are generally 
found broken to pieces, and when lying in a horizontal posi- 
tion in the strata, are quite flat firom the pressure of the 
superincumbent deposits. 

The stems vary from 
a few inches to three feet 
in circumference, and spe- 
cimens have been disco- 
vered that indicate a 
length of sixty feet. They 
often escape compression, 
and stand perpendicularly, 
intersecting the horizon- 
tal strata, and having 
roots proceeding from 
the base. They are ge- 
nerally surrounded by an 
envelope, an inch in thick- 
ness, of fine, crystalline, 
bituminous coal. The lon- 
gitudinal plaitings, which 
are the characteristic shnh 
marks of the Sigillariae, 
are commonly indistinct Ligw. lai 
at the base. A specimen »=a»A = 
figured in the beautiful and highly interesting work of Dr- 
Lindley and Mr. Hutton,* was ten feet high (Lign. 161), 
and two feet in diameter at the base. Its roots were in sbftle, 
immediately above the main bed of coal^ and the trunk 
extended through several strata of shale and sandstone. 

The upright stems almost always consist of boh ds tone 
within the carbonized bark ; hut one silieified specimen haa 
been discovered, by which M. Ad» Brongniart has been 
* The Fossil Flora of Great Britain, 
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.—Stem ov Sigili^jiiiia tacht- 
in tbe Jarrow CoaL Tea fee f high. 
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enabled to ascertain the relations of these remarkable 
extinct trees with recent foilns. From this examination 
it results that the Sigillariae were a family of coniferous 
trees, belonging to the great division of gymnospermous 
dicotyledons. In their external form they must have some- 
what resembled the Cacteae, or EuphorbisB, but were more 
nearly related by their internal organization to the Zamiae 
and Cycadeae.* Their leaves and fruits are unknown, for 
no certain connexion has yet been established between 
these stems and the foliage and fruit with which they are 
collocated, f 

37. Stigmaria. — The fossil vegetables known under this 
name, which are so abundant in the underclay of the coal- 
beds, have long excited the curiosity of collectors, and set at 
defiance all attempts to determine their botanical charac- 
ters, until recent discoveries proved the correctness of M . 
Adolphe Brongniart's conjecture, that they were the roots 
of Sigillarias. These bodies are of a cylindrical form, from 
a few inches to several feet in length, and are often ten or 
twelve inches in circumference. The surface is covered 
with oval or circular depressions with a small tubercle in the 
middle, disposed in quincunx order. When broken across, 
a small cylindrical axis or core is found to extend longi- 
tudinally throughout the stem, like a medullary column. 
When observed in the underclay, long tapering fibres or 
rootlets are found attached to the tubercles of the pits with 
which the surface is covered ; and these are sometimes 
several feet in length. The internal structure of the Stig- 
mariae presents a ligneous zone resembling that of the 

* The stems of some of the Sigillariae, when uncompressed, remind 
one of the longitudinally furrowed cylindrical columns of the Pilo- 
cerefus senilis, which grow so luxuriantly, and many feet in height, 
in Real del Monte, in Mexico. There are fine living specimens of this 
form of Pilocereus, in the Royal Botanic Gardens, at Kew. 

t See Medals of Creation, p. 185. 
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BifiU^rm^ except that the ring of medullary tissue possessed 
by the latter, is wanting ; a" difference, as M. Brongniart 
remiirksj precisely similar to that existing between the 
sterna or branches of a dicotyledonous tree, in which the 
woody cylinder \b associated internally with bundles of 




LiGN. 162. 
Liverpool. 



-Stem and aoots of a Sioillaeza ; iir a Coal mine, near 

a, The trunk traversing a bed of coal. 

h, The roots (Stigmaria) spreading out in the underday. 

medullary tissue, but the roots of the same tree are desti- 
tute of them. This opinion, long'since advanced by the 
eminent French savant, was confirmed about four years ago, 
by Mr. Binney's discovery in the coal strata at St. Helen's 
near Liverpool, of an upright stem of a Sigillaria, nine feet 
high, with ten roots several feet long attached, and extend- 
ing in the underclay in their natural position (as shown in 
Lign. 162) ; and iJiese roots proved to he undoubted Stig- 
marice. 

In the floor of the Victoria mine, at Dunkinfold near 
Manchester, at the depth of 1100 feet from the surface, 
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Mr.Binney discovered a 
which exhibited on its 




Lion. 163. — Lepidodendron 
Sterkbergix. 

A fossil tree, thirteen and a half feet 
wide at the base, and thirty-nine 
feet high. 

This figure, from the Fossil Flora 
of Great Britain, (PI. CCIII. ) 
represents a specimen discovered 
in the Bensham coal seam, in the 
Jarrow coal-field. 



magnificent specimen of Sigillaria^ 
stem the respective characters of 
three supposed species {8. pachy' 
derma^ reniformis, and organum)^ 
and had stigmaria-roots, which 
were traced twenty feet.* 

In the Sydney coal-field, at Cape 
Breton, several upright stems of 
SigillariaB, having roots that are 
undoubted stigmarise, have been 
discovered; and in the Pictou 
coal, in Nova Scotia, the same 
fact has been noticed, and com- 
municated to the Geological So- 
ciety of London. 

As there is considerable variety 
in the form and disposition of the 
tubercles of the Stigmariae, it is 
probable that some of them may 
be the roots of other trees of the 
carboniferous deposits, with the 
stems of which they are associ- 
ated.f 

38. Lepidodendron. — This is 
a tribe of plants which has largely 
contributed to the formation 
of the coal-strata, and whose 
remains rival in number and mag- 
nitude the Calamites and Sigil- 
lariaB. The name, which signifies 

* Over the door of the room contain- 
ing the fossil vegetables in the British 
Museum, there is a Stigmaria twenty-six 
feet long, with numerous rootlets. 

t Medals of Creation, p. 142. 
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Scahf-tree^ is derived iVom tbe imbricated appearance 
of the Burfaee of the stem, occasioned bj tlje form and 
arraiigement of tbe little angular imprints or scars left by 
the removal of the leaf -stalks. Some of these trees have 
been found almost entirej from tbeir roots to the topmost 
branebefi; as in the example here figured {Lit/n* 163), 
which was nearly forty feet in lieigbt. The foliage consists 
of simple linear leaves, which are spirally arranged around 
the stem* mid appear to have been shed from the base of the 
tree with age. The markings produced by the attachment 
of the leaves are never obliterated. In their structure, ex- 
ternal configuration, mode of ramification, and disposition 




LliiS. lf;4.— LVtOi-ODlTIIS BeHETTIJB,* ffftOU THE TY*CHh. 

of the leaves J these trees accord closely with tlie Jj^copo- 
diacetF, or Club-mosses. These are small herbaceous plants^ 

* I have uiimed this elegant plant ia honour of the late Miss Ethel- 
dred Benett, of Norton Houee, Wilts ; a l&dy, whoae liberal coni^ri- 
butiona of apcciinenSj and ins^tructive oljservatioas on the ehalk fosails 
of Wiltshire, afforded mo important aasUtaace in mj cttrlj* attompts 
to iOTOfiligai.e the organic rem^itne of SnBsex. 
VOL. 11. 3 B 
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inhabiting woods and bogs ; their leaves are simple and im- 
bricated, that is, lie over each other like scales. Most of 
them trail on the ground, but a few species are erect ; the 
tropical forms, which are the largest, do not exceed three 
feet in height. But notwithstanding this disparity in size, 
M. Brongniart has shown that the Lepidodendra must be 
regarded as gigantic plants of this family. They were, 
in fact, arborescent Lycopodiaceae, comparable in size to 
the largest pines, and formed extensive forests during the 
carboniferous epoch, beneath whose shade flourished the 
lesser ferns and associated plants. 

The fruit of the living Club-mosses is an oval or cy- 
lindrical cone, which in some species forms an imbricated 
spike at the extremity of the branches; and there are 
numerous fossil fruits of this kind collocated with the stems 
and leaves of the Lepidodendra, and in some instances 
attached to the branches ; they have received the name of 
Lepidostrohi, or scaly-cones.* 

A beautiful example of a fossil 
Lycopodium, from a tertiary for- 
mation in the Tyrol {Ligrt, 164), 
closely resembles the recent club- 
mosses. 

39. Coniferous Trees and 
rffl'MMfltlfffi Plants. — It was formerly sup- 
posed that no vestiges of conife- 
rous plants and trees, which occur 
so abundantly in the secondary 
LiGN. 165.— Transverse section of formations, wcrc present in the 

a portion of the stem of a recent I ^ ^ Mr. Witham, by mi- 

Pine (Pint/* atrobus), highly ' ^ . . "^ 

magnified. croscopical examination, ascer- 

a, 6, Portions of concentric i^[^q^ that trceS of this type 
annu al layers. , , . i , • 

constituted no inconsiderable por- 
tion of the flora of the carboniferous epoch ; and remains 

* Medals of Creation, p. 149, Lign. 31. 



Lttiit!.?.'f::b?*%i 



:^:F-S/i-f H^iii 



§39. 



CONIPEROira TREES OF THE COAL. 



72« 




of this order have since been detected in everj formatioa 
of later origin. Tlie recent con i ferae are arborescent, di- 
viding into numerous branches, which are disposed in 
most genera with considerable regularity. The transverse 
sections exhibit concentric annual lines of growth (as in 
lAgn, 165), and the vertical show the sidea of the vessels 
studded with little ducts {I^g'tu 166). 

Some of the fossil trees resem- 
ble the European pioes in their 
internal structure: but the greater 
number belong to the Araucarian 
type, which is characterized by 
the rows of gland^s being disposed, 
when double, not aide by side, as 
in Lign. 166, but alternately, as 
we have previously explained tiow. i4>c;,— Lotit^vtudjuiLi wctiou 

/ (\Ck^\ * ^^ plnc'wond, parallel to a ma-^ 

\P* ^ /• duUory my ; ihowinR the row4 

The pine-trees of the coal have of rtuctB. 
but few and slight appearances of the lines by which 
the annual layers are separatedj and resemble in this 
respect the existing species of tropical regions; we may 
therefore infer that the seasons of the countries where 
the coal-plantH flourished were subject to but little diver- 
sity, and that the changes of temperature were not 
abrupt, f 

In a quarry at Craigleith, near Edinburgh j at a depth of 
140 feet, part of the trunk of a very large coniferous tree was 
discovered: its length was thirty -six feet, and the circum- 
ference of the base nine feet Polished eections of this 
stem beautifully display the coniferous structure. A tree 
fifty-nine feet long, traversing twelve beds of sandstone, 
has since been exposed ; and aa is commonly the case, the 

» In the Royal Gardt^n* at Kew, there are BeTeraV flouriihing treoa 
of the A. excehoj and other kinds of Araneari®. 
t Mr. Witham, 

3 B 2 
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bark was carbonized, and the woody stem was in some 
parts in the state of sandstone, and in others silicified. 
The remains of Cycadeous plants have likewise been 
detected in the coal.* 

40. Flora of the Coal. — A more extended notice of 
the fossil plants of the carboniferous system is not within 
the scope of these Lectures, and we will now take a brief 
review of the principal facts that have been submitted to 
our notice. We have seen that the most remarkable cha- 
racter of the flora of that remote epoch, is the immense 
numerical ascendance of the vascular, or higher tribes of 
cryptogamic plants, which amount to two-thirds of the 
whole of the species hitherto determined. With these are 
associated a few palms, coniferaEj, and cycadeae, and dicotyle- 
donous plants approaching to the cacteae, and euphorbiaceae. 
The vast preponderance and magnitude of the vegetables 
bearing an analogy to the tribes of ductulos<B, but differing 
from existing species and genera, constitute, therefore, the 
most important botanical feature. Thus we have plants 
related to the Equisetum (Calamites), eighteen inches in 
circumference, and from thirty to forty feet high ; tree-ferns 
(Sigillarice) fifty feet in height; and arborescent club- 
mosses (Lepidodendra) attaining an altitude of sixty or 
seventy feet. The contrast which such a flora presents to 
that afforded by the woods and forests of dicotyledonous 
trees, and the verdant turf, which now grow on the surface 
of the carboniferous districts of England, is as striking as 
the discrepancy between the zoology of the palaeozoic for- 
mations, and that of the present day. This restoration of 

* The fossil plants, named by M. Brongniart NUggerathia, are 
referred to the family of the Cycadeae by this eminent observer, from 
there having been found associated with these stems, leaves with nerva- 
tion like certain living American Zamicp, and others of a special form 
resembling those which bear the fruit in Cycas revolvia; and also 
grains or fruits strikingly analogous to those of the Cycas. 
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some of the vegetable Ibrms which flouriahed io the carbo- 
niferous era, will perhaps prove mort» illuiStrative of this 
phenomenon tlinn mere description (Li{jn, 167). 




^ 



Licis. Jli?.— The Floba of the cAiiBonififioua ^fock- 

{Di^tiffned and drawn by Miii KlifR Marie- MsntelL) 

Fig. 1. Araucaria, 2. AaternphyllltEj. 3. F^aBnuH. 4. Equisetum. 5. Arba- 

rcEceoL fern, G. Fern. 7. Calamiies, &. E.epidDdBndTati. 9, i^pbetiftpteris. 

To arrive at any satisfajctory conclusions as to the nature 
of the countries which supported the plants of the coal, we 
must consider the geographical distribution of the related 
existing genera, and thfe circumstances which conduce 
to their lull development. It ia well known that a hot 
climate, humid atmospheroj and the unvarying temperature 
of the sea, are the circumstances which exert the most 
favourable iiitluenee on the growth of Ferns and other 
cryptogamic plants ; low islands in tropical latitudes being 
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the localities where these forms of vegetation flourish most 
luxuriantly. But must we therefore infer that the countries 
in which the carbonaceous flora grew were groups of 
islands enjoying an intertropical climate? — In the paucity 
of the gramineae or grasses, which form so large a pro- 
portion of the existing floras^ and the predominance of 
ferns, the vegetation of the coal-measures approaches that 
of New Zealand, in which the ceUulosae form one-third of 
the whole, and the grasses are very few in number.* 

41. Atmospheric conditions during the Carbonife- 
rous EPOCH. — It is remarkable that amidst the luxuriant 
vegetation which prevailed on the dry lands during the Carbo- 
niferous epoch, there should not have existed contemporane* 
ous herbivorous quadrupeds ; but not a relic of any animal 
of this kind has been discovered in the coal strata. Indeed, 
with the exception of the Iguanodon of the Wealden {ante^ 
p. 423), no remains of large vegetable feeders have been 
found in any of the deposits anterior to the eocene, in 
which first appear relics of the herbivorous pachyderms ; 
nor even a vestige of phytophagous terrestrial mollusca. 

It was an opinion once very generally entertained, and 
tlie idea still seems to find favour, f that previously to and 
during the carboniferous period, the atmosphere was so 
charged with carbonic acid gas, as to be unfitted for the 
respiration of animals of a higher order than reptiles ; and 
that the dense and luxuriant vegetation of that epoch was 
designed to purify the air, by elaborating coal, and thus 
abstracting the superabundance of irrespirable gas, and 
setting free a corresponding proportion of oxygen: thus 
rendering the surface of the earth suitable for the existence 
of terrestrial reptiles, and ultimately of birds and mam- 
malia. But Mr. Lyell has clearly shown, not only the 
fallacy of such surmises, but that, so far as we know, if any 

* See Medals of Creatiou, p. 202. 

I Sec Professor Owen's Huntcrian Lectures, vol. ii. p. 15. 
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change were induced in the constitution of tlie utmosphere 
by such an agency, it would be the re verse of that assumed i 
for an excess of vegetation would tend to diminish the 
average amount of carbonic acid, and consequently the air 
must have been purer than in the succeeding epochs** It 
is therefore clear that the absence of herbivorous aninftals 
cannot be explained by unfavourable atmospheric con ditiong ; 
and again we may point to New Zealand aa a country 
having a luxuriant veg«tation, yet without herbivorous 
quadrupeds, f 

42. Formation of Coal-measuees. — From the facts 
which have passed under our examinatiouj we may now 
advantageously consider what were the circumstances which 
gave rise to these prodigious layers of carbonized matter 
unmixed with other materials— these immense beds of 
vegetables, from wliich animal remains are almost wholly 
excluded ; — and whether accumulations of trees and plants^ 
which in after ages shall present phenomena of a like nature, 
are in progress at the present time ? 

The manner in which the t:arbonifcrous strata liave been 
deposited, has been a fruitful source of discussion among 
geologists. Some contend that the coul-measures were 
originally peat- bogs ^ and that the successive layers were 
occasioned by repeated subside aces of the land (aaf^, 
p. 670) ; others, that the vegetable matter originated from 
rafts, or drifted foreatSj like those of the Mississippij which 
floated out to S(:^a, and there became engulfed j — others sup- 
pose that they >vere formed in vast inland seas or lakes, the 
materials of the successive beds being brought down by 
periodical land- floods : and the supporters of each liypo- 
thesis adduce numerous facts in corroboration of their 
respective opinions. There can be no doubt that coal mdy 

* Mr. Lyell's TraveU in America, vol. i. p. 1 52, 
t The only indigenous mammalia in New Zealand is one specioH of 
Ratf and Bat ; and there mb ho largo repiiloii whateTer. 
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be, and has been, formed under each of these conditions ; 
and that at different periods, and in different localities, ail 
these causes have been in operation; in some instances 
singly, and in others in combination. That some of tte 
isolated basins of coal may be carbonized peat-bogs is n#t 
improbable, considering that peat often occurs in be<^, 
including trees in an erect position, and extending ove: 
extensive tracts of country ; and in modern peat-bogs 
{ante, p. 66\ layers are found having the conchoidal 
fracture and lustrous appearance of coal : but no trace) 
of the plants which most largely contribute to modern peai 
formations, as the Sphagminiy have been observed in the 
ancient carboniferous deposits. 

Other coal-measures may have been accumulated in fresh- 
water lakes, or in estuaries, as for example those of Burdie 
House, and some of the Derbyshire and Yorkshire deposits, 
where the coal is associated with lacustrine shells and 
crustaceans : and the Shrewsbury coal-field, in which are 
beds of limestone several feet thick, abounding in cyprides 
and fresh -water shells.* 

But the carboniferous strata spread over vast areas, and 
containing intercalations of sandstones, and limestones, with 
marine remains in abundance, like those of Russia (ante^ 
p. 690), must have been deposited in the sea. The fact that 
some beds of pure coal are from thirty to sixty feet in thick- 
ness, seems inexplicable, except by the drifting of immense 
masses of vegetable matter — whole forests — into the abyss 
of the ocean, or into the basin of an inland sea. 

The occasional erect position of the stems, and the 
preservation of delicate leaves, do not invalidate this 
inference ; for in the rafts formed by the entangled floating 
forests of the American rivers, trunks of trees frequently 
occur upright; and my distinguished friend, Admiral Sir 
Edward Codrington, informed me that in the interior of 
* Silurian System, p. 84. 
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these rafts, grasses aud tender plants are often found entire* 
Such masset*, therefore, might be drifted many hundred 
miles, and yet the imbedded fragile species^ protected by 
the external network of entangled branches^ remain unin- 
jured; and, undergoing bitimiinization, while enveloped hy 
the soft mud permeating the maaSj might become changed into 
durable forms, like those which a1x)und in the natural 
herbaria of the coal-measures* That the conversion of 
vegetable matter iato coal would take place under each 
conditions we may readily conceive, from what Las been 
advanced in the course of this argument* 

43. COAl.-MKASURES FROM SDlWiEKGED LAND^S. The 

theory so ably advocated by Mr. Lyell^ and other eminent 
geologists, of the formation of coal-measures from repeated 
submergences and elevations of knda covered with dense 
forests {antef p, 670), s^eema to be applicable only to those 
carboniferous formations which are made up of regulai' 
alternations of coal with beds composed of such earthy 
materials, as to render it probable they were once capable 
of supporting a luxuriant vegetation. 

But in many of tlie examples cited in proof of this 
hypothesis, the bases and roots of the erect trees are in con- 
tact either with a stratum of rock tliat never could have 
been vegetable mould, or with a seam of coal a few inches 
thick ; and setting aside tbe improbability of the bed on 
which they are supposed to have grown, having afforded the 
nutriment necessary for the support of such trees, the little 
depth to which the roots extend, proves that the trunks 
could not have been broken off at the height of a few feet 
from the grotmd, while growing on the epot; for such 
violence must have I'ooted them up trom the shallow soil, 
and laid them prostrate. This objection, 1 thinkj strongly 
applies to the examples of upright trees at St, Etienne ; to 
those in Virginia, where the bases of the trees stand on a 
seam of coal, resting on granita {ante^ p* ^20) ; and those 
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in the Bay of Fundy, where the roots of the erect trees 
are in contact with a thin bed of pure coal. It seems pro- 
bable that in these, and many other instances of a like 
nature, the verticality of the trunks may have originated 
simply from the trees having floated with their stems upper- 
most, in consequence of their roots being loaded with soiL 
This is a constant occurrence in the great floods of the 
American rivers; the snags, as they are termed, which 
often render the navigation difficult and perilous, being 
formed by drifted trees forced into an oblique direction by 
the current. Trees in an upright position are often carried 
out to sea, and have been seen far from land, floating with 
their topmost branches above the water. 

But if more extended observations should establish the 
fact, which the late discoveries have rendered highly pro- 
bable, namely, that the roots (StigmarUs) of the forest- 
trees (Sigillarice) of the carboniferous system, are inva- 
riably present, and for the most part in their natural 
position, in the under-clay, and beneath each bed of pure 
coal {ante, p. 667), we then cannot refuse our assent to the 
conclusion that those trees grew on the areas now occupied 
by their carbonized remains. Yet may we not inquire, 
whether these facts will not admit of some other interpre- 
tation than that which attributes the phenomena to the 
effect of alternate subsidence and elevation of the land? 
May there not have been extensive inland areas, de- 
pressed, like the basin of the Caspian, many hundred feet 
below the level of the sea, and affording the shelter, warmth, 
and moisture, required by an intertropical flora ; and sub- 
jected to periodical inundations from mountain torrents, 
poured down from alpine regions on which the pines and 
other coniferae associated with the arborescent ferns of the 
coal, may have flourished ? Would not such physical con- 
ditions, modified by occasional changes in the relative level 
of the land and water by subterranean movements, meet the 
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exigences of the case? We laight even carry the speculation 
further, and suppose these countries to have been depressed to 
so great a depth as to have been influenced by the radiation 
of heat from the interior of the earth ; and thus there may 
have existed in temperate regions a loeul hot climate capa- 
ble of supporting a tropieal flora?* The interest and 
importance of a satisfactory solution of this problem have 
led me to extend these remarks to a considerable length ; 
and I offer them as mere suggestions, and with great 
deference, f 

44. Zoophytes anb Echikodekms of the Cahbofi- 
FEROUS System. — ^We must now briefly notice the animal 

* The most remarkable known inatance of an area of land depressed 
far below the sea-level, is that mentioned by Baron Humboldt. " In 
descending eastward from Jerusalem to the Dead Sea, and Lbe Valley 
of Jordan, a view is enjoyed which, according to our present hypso- 
metric knowledge of the earth's i*urfBiCCj has no parallel in any other 
region. The rocks on which the traveller treads, witli the open sky 
over his head, are 1388 feet below the level of the Kaditerranean" — 
Cosmos, p. 399. Col. Sabine- s TramlaiiQn, 

f Though from the revolutions which Lave swept over the earth's 
surface, and the displacemtints and mutatlomi which iX^ etust has 
undergone since the carbon ifcrooa epoch, there ig bat Little probability 
that any of the coal-fields are now in the same position in relation to 
the sea-level, as at the period of their formation, I woulii, neverthe- 
less, direct attention to the following HtatemontB and remarks of the 
illustrious philosopher just cited. — " The depth of the Coal-basin at 
Liege, is estimated by Herr Von Deehen, at 3^8€0 feet bc4ow the 
surface, and 3,464 feet beneath the lei^l of tha *c£i ; and that of Man«j 
at 5,329 : while the lowermoht coal atrata of the Saar-Eevier are 
computed by the same eminent obftOrver to descend to a depth of 
21,358 feet below the sea levels or 3.6 gcogmphical miles. TMm is a depth 
below the sea, equal to that of Chimhcirazo ah<;*ve it ; and the tem- 
perature would be 467° of Fahrenheit, if tho increase be in the 
supposed ratio of 1° for every 54 feet of vertical depth {mntE, p, 34), 
We have, therefore, from the highest ^ummite of the Himalayahfij i<j 
the lowest portions of the basins which contain the fossil flora of iht: 
carboniferous epoch, a venical distance of uhout 4S,{JD0 feet^ or ^th 
of the earth's semi-diameter."— (7(>a»i(w, pp, 3&0, 400. 
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remains entombed in the deposits that are associated with 
those which have proved so rich and varied a field of bota- 
nical research. The Zoophytes and Mollusca are for the 
most part marine, and in a great measure confined to the 
limestones below the coal. The Corals amount to many 
species ; and consist of various kinds of TubiporUf Syrtngo- 
pora, Catenipora, Cyathophyllum, Astrcea^ Turbinoliay &c. 

The mountain limestone swarms with Crinoidea, and 
entire beds are made up of their petrified remains^ as was 
explained in the former Lecture (ante, p. 650) ; and many 
elegant species of Actinocrinus, Cyathocrinus, and Platy- 
crinuSf occur in these deposits. 

A singular type of Crinoideans, named Pentremites^Lign. 
168, Jig. 7), also abounds in the mountain limestone, both in 
England and America * {ante, p. 656), 

Echinoderms of a peculiar character (JEchinocrinus), 
their shells being formed of hexagonal plates, (and not 
pentagonal as in the Cidares,) have been discovered in the 
carboniferous limestone of Ireland and Russia. A species 
of Cidaris (C. Phillipsii), with large mammillated tubercles 
and muricated spines, occurs in the Yorkshire limestone, 
and is the earliest known geological appearance of this 
family. 

45. Shells of the Carboniferous System. — The 
remains of nearly 300 species of the various tribes of mol- 
lusca have been obtained from this formation. Forami- 
niferous shells — Motalice, TextilaricB, Fusulince — have been 
detected in slices of the Yorkshire limestone by a micro- 
scopical examination ; and in Russia the upper beds of the 
mountain limestone in the Lower Volga, consist of lami- 
nated calcareous shales composed of an aggregation of the 
shells of a minute species of Fusulina {F, cylindHca), 
resembling grains of wheat, and allied to the Noniontnce,^ 

* Medals of Creation, vol. i. p. 327. 
•\ Geology of Russia, PI. I. fig. 1. 
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Freshwater bivalve shells, comprising about ten fluvia- 
tile species, occur in some of the coal-measures, forming 
regular layers of limestone, called hj the miners mussel- 
bands, from the shells (Uniones), of which they are 
chiefly composed. The marine tribes are in a great mea- 
sure confined to the limestone below the coal. But in 
Yorkshire, Professor Phillips has discovered a remarkable 
exception ; in the coal-measures of that county, there is a 
thin layer of marine shells, intercalated between fresh- 
water strata. 

Many species of simple spiral univalves abound in some 
of the limestones ; and one genus, Euomphalus {Lign, 168, 
Jig, 5), is remarkable, from the inner volutions being tra- 
versed by imperforate septa.* 

Numerous bivalves of existing genera of moUusca also 
occur; and the Pecten, or scallop, first appears in this 
system in great numbers, comprising upwards of seventy 
species. 

But the most striking modification in the molluscous 
fauna, is the abundance of those extinct types of brachio- 
poda (ante, p. 564), the Spirifers, LeptcRuce^ &c, of which 
we first obtained a glimpse in the Permian system. These 
occur in profusion, and entire beds of the mountain lime- 
stone are conglomerates formed of the shells of these remark- 
able animals. 

Spirifers. As we descend to the more ancient rocks, we 
shall find these fossils yet more prevalent : and I will, there- 
fore, in this place ofier a few remarks on the structure of this 
family of moUusca. The small subglobular' bivalves (TVc- 
bratulce) so abundant in the chalk, are sometimes found 
empty, and if the valves be carefully separated, two curious 
appendages are seen projecting from the hinge into the inte- 
rior of the shell; these processes are the internal skeleton for 
the support of the organs of respiration. f In the Spirifers 

* Medals of Creation, p. 426. f Ibid. p. 378. 
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{Zdgn. 168, Jigs, 2, 6, 9, 10, 11,) there are two spiral 
appendages (hence the name of the genus) which are closely 

2 








12 
Lion. 168. — Shells akd Crinoidea from the Paljeozoic strata. 

Mountain limestone. Fig. 1. Leptaena punctata. 2. Spirifer trigonalis. 4. Cast 
of Bellerophon comu-arietis. 5. Euomphalus pentangulatus. 7. Pentremites ellip- 
ticus. 9. Spirifer trigonalis, showing one of the spiral processes in situ. 10. Spi- 
rifer triangularis. 12. Orthoceratite. 13. Septum of the same. 

Wenlock limestone. Fig. Z. Leptaena depressa. 11. Spirifer octoplicatus. 

Oolite. Fig. S. Terebratulaaffinis; this figure was introduced by mistake. 

Recent shells. Fig. 6. Terebratula psittacea, showing the fringed spiral brachia, 
and one of them extended; the perforated valve, and the lobe of the mantle being 
removed. Fig. ab^a portion of the ciliary fringe magnified. 

coiled, and are often, like the substance of the shell itself, 
changed into calcareous spar, (Jigs. 2, 9); in specimens 
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where the shell is removed, these organs may be seen in 
their original situation . 

The following description, by Professor Owen, of a 
recent animal of the same family, a native of the South 
Seas, explains the nature of this structure. 

'* The loop-like proceasc^i obs^3rvable in the iaterior of the «holli of 
many of the fossil terebratulffi, are the internal skeleton, and are for 
the attachment of the mu&cuijir stems of the ^vshb. In Terfhratuia 
psittaceat* a recent species {Li^n l^%,Jig, 6), two spiraJ anna, fringed 
at their outer margins, are seen to arise from those prmreasefi ; these 
anns are quite free, except at their origins : when unfolded^ they are 
twice as long as the shell, and in a state of contraction are dippoaed 
in six or seven spiral gyrationsj which decrease towards their extre- 
mities. The mechanism by which the artns are exiended \a moRt 
beautiful and simple : the atoms are hollow from one ond to the otbcr^ 
and filled with fluid, which being acted upon by the spi rally tiiepofied 
muscles composing the walls of the canal^ is foreibly injetited towards 
the extremity of the arms, whieh>re thuH unfolded and protruded. 
The spiral disposition of the anuB m common to the whole of the 
brachiopodous genera, whose organization haa hitherto been examined ; 
and it is therefore probablcj that in the foaail gen^w Spirifor, the 
entire brachia were similarly (lisposed, and that tho internal, calca- 
reous, spiral appendages were their supports. If indeed the hrafAia 
of Terebratula psittacea had been so sustained , the tpecles would hive 
presented in a fossil state an internal itrueture veij similar to that 
of Spirifer."t 

Cephalopoda. — The cephalopodous shells found in the 
mountain limestone and associated strata, amount to up- 
wards of sixty species ; t!ic Ammonites of thia system are 
of a peculiar kind {Gomatiies^ Medalsj p. 494), There 
are several species of Belkrophon {Litjn. 168, Jl^, 4), 

* In the Mediterranean^ at the depth of 100 fathoms, there is a pro- 
fusion of one living spccicii of Terabratula ; and alBO a epecies of 
OrthiSf which is one of the moat ancient generic type& of brachiopoda, 
several species occurring low down in the Silariau <iepoaU*. Id the co^ 
lection of. shells in the British Museum, there ia a slab of 8torie with 
some twenty or thirty recent Terchratulfp attached, from New Holland. 

f Professor Owen, on the Anatomy of the Bmchiopoda; Zoological 
Transactions, vol. i.*p 146. 
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which is a shell without septa, like that of the Argonaut : 
and of the Orfhocei^ds {Ugn, 168, Jig, 12), which may 
be described as a straight Nautilus, of an elongated, cylin- 
drical shape, tapering to the extremity, and having entire 
septa, pierced by a siphunculus (Jig, 13). The Orthoce- 
ratites are often from twenty to thirty inches in circum- 
ference at the largest extremity.* 

46. Crustaceans and Insects. — With the layers of 
fresh- water shells that are intercalated in some of the 
coal deposits, there are a few species of the fluviatile 
crustaceans, the Cyprides^ so abundant in the Wealden 
and tertiary lacustrine limestones. Cyprides occur in 
the Shrewsbury, and Burdie House strata, and in the 
latter, two species of a branchiopodous crustacean (Eury- 
j)terus, Medals, p. 541,) one of which is twelve inches long, 
have been discovered by Dr. Hibbert. 

In the ironstone nodules of 
Coalbrook Dale, the remains 
\ iiiiifji of small crustaceans sometimes 
form the nucleus, and are in 
a good state of preservation. 
I Some of these crustaceans are 
referable to the Limulus, or 
; King-crab : a genus which, is 
I abundant in the seas of India 
and America. The Liraulus 
has a distinct carapace or buck- 
ler, and the last segment is 
prolonged into a style; it has 
tw^o eyes in front of the shield, and the gills are disposed on 
lamelliform processes. A beautiful specimen of a fossil 
Limulus from Coalbrook Dale is here figured {Lign. 169).f 

* Medals of Creation, p. 484. 

t The chemical changes which have taken place in the carboni- 
foroiiR strata, and led to the formation of the bands and nodules of 




Lion. 



169. — Limulus from ( 

BROOK Dale. 
(Limulus trilobUoidfs. ) 
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It is in the carbonifi-rous Bjstem that we firat meet, in a 
descending order, with vestiges of the extinct family of 
crustaceans called Trilobites {Medals, p. 552): but tts 
these animals are especially characteriBtic of the older rocks 
— the Silurian — I shall reserve a particular notice of tham 
for the next dist^oui-se. 

Insects.— 'l!he remains of insects belonging to several 
genera have been fonnd ; from the ironstone nodules of 
Coalbrook Dale, several species of beetles^ related to the 
Curculio, or diamond beetle, have locen obtained. In a 
nodule from the same locality I discovered the wing of a 
large neuropterous insect, closely resembling a species of 
living Corydalis of Carolina.* 

iron-stone, ai^ thus cxpluinod by Sir H. De la Becbe :— " The argil- 
laceous iron-stones are formed of cftrbonate of iron, mingleil mecha- 
nically with eartby matter, commonly corresponding with that 
constituting the shales with which they are aBsociakd. Mr, Hunt, 
of the Museum of Economic (ieology^ imititutod q aerie* of experiments 
to illustrate the production of these day ironfltonea, and ho found 
that decompotjing Tegctablo matter prevented the further osiidaition of 
the protosalt^ of iron, and converted the peroxide into protoxide of 
iron, by taking a portion of its oxygen to form carbonic fn^\d. Under 
the conditions ucceiBaty for the production of the eoat dlBtributed 
among the eand^ &ilt, and mud, the docompositton of the vegetable 
matter would necessarily form carbonic acid, among other products. 
This carbonic acid, mixed with water, would spread with it over areas 
of different dimeneloaa at^eording to circumstancoa ; forming salts and 
meeting with the protoxide of iron in solution, it would unite with 
the protoxide, and form a carbonate of iron. The carbonate of iron 
in solution would id ingle with any fine detritus which might be held 
in mechanical t^uEpenflion in the some water ; and hence, when the 
conditions for its deposit arose, which would happen when the need- 
ful excess of carbonic acid was removedi the carbonate of iron would 
be thrown down intermingled with the mud ; and if not in i^ui^cient 
quantity to form continuous layers, would aggregate into nodnleSj and 
be arranged in planes aioid the sediment." — Me^noirs of the Geologicid 
Survey of Great Britain, p. 185* 

* Medals of Creation, p. 573. This specimen is now in the BnbiEli 
Museum. 

VOL. II. 3 O 
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FossU Scorpion, — Not only are the remains of ingects 
imbedded in the coal strata, but also those of animals^ to 
which they served as food. A fossil Scorpion has been 
discovered by Count Sternberg, in carboniferous argilla- 
ceous schist, at Chomle, S.W. of Prague, in Bohemia.* 
This fossil is about two inches and a half long, and is 
imbedded in coal shale, with leaves and fruits. The legs, 
claws, jaws and teeth, skin, hairs, and even portions of the 
trachea, or breathing apparatus, are preserved. It has 
twelve eyes, and all the sockets remain ; one of the small 
eyes, and the left large eye, retain their form, and have the 
cornea, or outer skin, preserved in a corrugated or shrivelled 
state. The horny covering is also preserved ; it is neither 
carbonized nor decomposed, the peculiar substance of which 
it consists, ely trine, having resisted decomposition and 
mineralization. 

47. Fishes of the Carboniferous System. — With 
the exception of some enigmatical footmarks, and the speci- 
men of a reptile said to have been recently procured from 
the coal strata of Saarbriick, fishes are the only vertebrata 
of which any relics have been observed either in the carbo- 
niferous system, or in any fossiliferous deposits of higher 
antiquity. 

The fishes of the coal, with but one exception, are of the 
placoid and ganoid orders {ante, p. 340) : and several of the 
genera have not been found in any other system ; all of 
these have the heterocercal form of tail {ante, p. 630). I 
can only allude to a few of the most characteristic. 

Arriblypterus, This is a genus restricted to the carboni- 
ferous system, charactererized, as its name implies, by very 
large and wide fins composed of numerous rays. The 
scales are rhomboidal and finely enamelled ; and the teeth 
are small, numerous, and set close together like the hairs 
of a brush ; indicating that these fishes fed on decayed sea- 

* See Dr. Buckland's Bridgwater Essay, plate 46, p. 406, et seq. 
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weeds and soft animal substancen. Tbe tail is a good 
example of the heterocercal type, a reatxii-ed outline of the 
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{Bjf A/. 4sar«E ) 
«, Tlio upper loba of tlie tallt Intu which the vertelttral colmnn i« prulijti|ti!d. 

fish is given in Li/fu, 170. Four species have beoa found 
in nodules of ironstone at Saatbruclcj iu Lorraine ; aud at 
Newhaven, near Leith. 

Megalichthys, — Of the remarkable group of fi-s^hes termed 
Sauroidy the remains of two genera have been discovered 
in the strata at Burdie House by Dr. Ribbertj and sub- 
sequently in several other localities. The Megalichthys is 
covered with enamelled, smoothj quadrangular scales, very- 
thick, and nearly an inch wide* The head is protected by 
strong enamelled plates. The Urge teeth are striated hollow 
cones. This fish was from three to four feet in length. 

Holopiychius, — This is a genus of gigantic sauroid fisheSj 
some species of which attained a length of thirty feet. The 
scales are thin and nearly circular, the upper surface 
corrugated in ridges, and from one to Ave inches in 
diameter. The plates covering the head have a shagreen 
surface with irregular ridges. It has large conical sauroid 
teeth of great density ; and numerous long alendei" teetlk 
3 c2 
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Carcharopsis. — ^Bj this name M. Agassiz distinguishes 
a fish of the shark family, resembling the Carchariodonta 
(Medals, p. 621, Jig. 3), of which teeth have been found in 
the carboniferous deposits of Yorkshire and Armagh in 
Ireland. These teeth are compressed, triangular, and 
crenated on the edges, with large plaits or folds on the 
enamelled surface towards the base of the crown. These 
are the only relics of fishes belonging to this tribe of 
sharks, that have been discovered in strata below the 
tertiary. 

48. Reptiles op the Carboniferous epoch. — Allu- 
sion has already been made to the quadrupedal footprints 
supposed to be those of batrachians, on argillaceous sand- 
stone, low down in the coal measures of Pennsylvania. The 
specimens collected by Mr. Lyell, and now in his possession, 
appear to me undoubted impressions of this kind (ante, 
p. 566). Other examples have been obtained from the same 
place by Dr. King and other American geologists. These, 
and the recent discovery of a considerable portion of the 
skeleton of a saurian reptile in the coal strata of Saar- 
briick, afford the most ancient indications of the existence 
of any terrestrial vertebrated animals : and they are like- 
wise the sole vestiges of any creature that crawled or 
walked upon the surface of the lands that were clothed 
with the luxuriant vegetation of the carboniferous flora. 

49. Climate of the Paleozoic ages. — The cause of 
the difference between the natural climates now prevailing 
over extensive zones of the earth's surface, and those which 
the organic remains discovered in the strata lead us to 
conclude have formerly subsisted during very long periods 
of time — and apparently over the greater part of its whole 
extent — is one of those geological problems, the solution of 
which is not at present within our reach. Unable to 
account for so extraordinary a distribution of a high clima- 
torial temperature — a diffusion of heat and light so 
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utterly at variance with that which has prevailed diiriog 
the human epoch — the mind naturally endeavoura to pene- 
trate the mystery by a reference to physical causes es:tTa- 
neous to our planet. But, as yet^ astronomy has aflPorded 
no satisfactory elucidation of the subject. 

A variation in the eccentricity of the earth*s orbit, and 
a change in the position of the tropical ^one, from the pre- 
cession of the equinox — ^both changes^ which though ex* 
tremely slow, are appreciable — have been brought forward 
to account for the phenomena xmdifv review. 

From the diminution of the eccentricity of the earth's orbit round 
the sun, by which the ellipse is in a stuto of approach to a circlfli the 
annual average of solar radiation is on iht dearea^e ; and therefarc, &b 
a general cause, and one affecting the mean temperature of the whole 
globe, and the effect of which is both inevitable and susceptible of 
exact estimation, it is deserving coniaideriilion* Sir John Herachol 
states, " that an amount of variation in the eccentricity of the orbit, 
which we need not hesitate to admit, at lea^t provisioQaUy^ as a pos- 
sible one, may be productive of considerable dlvoreity of climate, and 
may operate during great periods of time, either to mitigate or to 
exaggerate the difference of winter and R^tTHTner temperatures, so aa 
to produce alternately in the same latitude of either hemisphere a 
perpetual spring, or the extreme vicissitudes of a burning summer 
and a rigorous winter."* 

In assuming a temperature in northern regions sufficient to support a 
tropical vegetation, it must, too, be borne in mind, that light i& aa in- 
dispensable as heat for the luxuriant growth of arhoreseent fema, pahns, 
cycadeae, &c.; and, by analogy, for the gigantic club-mofldOH and fema 
of the carboniferous period. The absence .of light for weeks, or months, 
would probably be fatal to most tropical forms of vegetation. It is 
therefore as necessary to account for the presence of light as for a high 
temperature in the northern regions, where the fosfiil plants indicate 
the former genial influence of a hot climate, and aunny skiiii, daring 
the carboniferous epoch. 

To account for the existence of regions capable of supporting such 
a flora as that of the coal-measure, in northern latitudes, a theory. 



* On the Astronomical Causes which may influence Geological 
Phenomena. Geol. Trans, vol. iii. p. 293. 
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which it must be admitted is highly ingenioos, has been pxopoeed by 
an American philosopher.* This author, from, a oomprehensiTe yiew 
of the phenomena which modem geological researches have brought 
to light, contends that the following general principles may be 
established : — 

" 1st. That, notwithstanding the displacements the strata have un- 
dergone from subterranean moyements, and the destmctiye 
effects of deluges and alluvial action, during the lapse of innu- 
merable ages, there remains unquestionable evidence of » great 
uniform zone of tropical climate, which fstvoured the existence 
of vegetable and animal productions of the land and ocean, 
and formerly surrounded the globe, in a different course from 
that of the present tropics : and that this is manifest in the 
organic remains and oceanic deposits, wherever this region is 
now elevated above the waters. 

2dly. That this tropical or torrid zone passed through nearly all 
the present climates. 

3dly. That a uniformity of production has been found upon it in 
numerous places. And, 

Lastly, That the changes on the earth's surface, which have pro- 
duced the successive strata and organic remains, as far as these 
are regular, are attributable to the progress of the perihelion 
point around the ecliptic : and that by the precession of the 
equinoxes, and the progress of the perihelion rotation of the 
earth's orbit, the tropical zone, by very slow degfrees, has 
changed, and is still changing its position." 

Whether either or both of the above-named causes may 
be regarded as applicable or adequate to have produced 
any of the contemplated effects, I must leave to the astro- 
nomers to determine: but there is another cause, which 
was first suggested by Mr. Lyell, that possesses all the 
essential requisites of a vera causa; and that is, the varying 
influence of the distribution of land and sea over the surface 
of the earth ; and upon which, therefore, I v^ould offer a 
few comments. A change of such distribution in the lapse 
of ages, by the degradation of the old continents, and the 

* An Essay on Organic Remains as connected with an ancient 
Tropical Kegion of the £arth. By Thomas Gilpin, Member of the 
American Philosophical Society : Philadelphia, 1843. 
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elevation of new ones, ij* a demonstrated fact: and the 
influence of such a change on the climates of particular 
regions, if not of the whole globe, ia a perfectly fair con- 
clusion, from what we know of continental^ insularj and 
oceanic climates by actual observation. ** Here, then/' 
observes Sir John Herschel, " we have, at leasts a cause on 
which a philosopher may consent to reason ; though whether 
the changes actually going oti are such aa to warrant the 
whole extent of the conclusion, or are even taking place 
in the right direction, may be considered as undeeidedj till 
the matter has been more thoroughly examined."* 

50. Retrospect ; Botanto^u:* efochs. — I will conclude 
this discourse with a review of the prevailing botEUiical 
characters during the principal geological epochs. 

Count Sternberg, M. A<iolphe Brongniart, Dr, Lindley^ 
and other eminent botanists, have adduced some interesting 
generalizations from the fossil florae of the various forma- 
tions : and although conclusions of this kind must be 
regarded in the nature of shifting hypotheses, and ^ill 
require to be modified by new discoveries— for aU the fossil 
species at present known amount to but two thouiandf — 

* Discourse on the Study or Natural PMlosophy ; p, 146. 
f M. Goppert computes the numlrer of fossil plaats knoiyuj lo 
amount to nearly 2,000. Their mineral diatributioti ift the fltiuUv ia 
stated to be as follows : — * 

In the palaeozoic strata, below the ooal, printiipnUy 
in the Devonian, fox the Silurian only contain 

a few fucoids , , . . 5"2 

Carboniferous ..,..»....*. 819 
Permian ....,,..,,...* 58 

Trlassic . 86 

Oolitic 234 

Wealden SO 

Cretaceous ,, ^ ..... - 62 

Tertiary 454 



^ Brit. Aasoc. Reports ^ for 1845^ 
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yet the characters of the floras of certain formations differ 
in so striking a manner from those of others, that it is very 
improbable the essential features will be destroyed. 

The flora of the ancient world constitutes three eras. The 
first period comprehends the earliest strata in which traces 
of vegetation appear, and includes the carboniferous. The 
plants of this epoch consist of fuci,* and other cellulosse, 
ferns of various kinds in great abundance, coniferous 
trees related to species of warm climates, of palms and 
other monocotyledonous tribes; gigantic lycopodia, and 
trees (Sigillariae) in great abundance, whose precise relations 
to known forms is not satisfactorily determined. In this 
flora the tree-ferns predominate, constituting nearly two 
thirds of the whole known species, and the general type of 
the vegetation is analogous to that of islands and archi- 
pelagos of intertropical climates. 

The second epoch extends from the Triassic or New 
Red to the Chalk inclusive, and is characterized by the 
appearance of many species of the Cycadea& or Zamise, 
and of coniferae, while the proportion of ferns is much less 
than in the preceding period, and the lycopodiaceous tribes, 
calamites, &c. of the carboniferous strata, are absent. A 
flora of this nature corresponds with that of the coasts and 
maritime districts of New Holland and the Cape of Good 
Hope. 

The third epoch is that of the tertiary, in which the dicoty- 
ledonous tribes appear in great abundance ; the cycadeae are 
very rare, the ferns in diminished numbers, and the coni- 
ferae are more numerous. Palms, and other intertropical 
forms, are found associated with the existing European 
forest-trees, as the elm, ash, willow, poplar, &c., presenting, 
in short, the general features of our continental floras. 

* Fossil fuci abound in the Silurian rocks of the Alleghany 
Mountains ; sometimes forming entire layers, one hundred of which 
occur in a thickness of twenty feet. — Dr, HarlarCs Medical and 
Physical Researches, p. 399. 
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In the newest strata are imbedded the remains of trees and 
plants of species still living in the countries where these de- 
posits occur. The fossil fi>xea and t qt Ut^ s o f QEningen (p , 263 ) 
lie buried amidst the foliage of poplars^ willows, maples, 
linden-trees, and elms ;* and the brown coal of the lihme 
is composed of similar trees. In the beds in actual pro- 
gress, the most delicate vegetable remains are preserved 5 
thus, in the lacustrine marls of Scotland, the leaves and 
seed-vessels of the ChariM are found in a state of fossilizar 
tion, scarcely distinguishable from the gyrogonites of the 
tertiary strata of the Paris basin. 

From this review of the botanical epochs which the pre- 
sent state of geological knowledge enables us to establish^ 
we perceive that, from the most ancient formation in which 
traces of vegetation rcDiairij the sea has supported the usual 
forms of marine plants ; and that on the land, ferns and 
other cryptogamia, palma, and conifera^^ have existed 
through periods of indeiinite duration to the present time ; 
the most striking and important difference in the ancient 
and modern floras being the numerical preponderance oi" 
the cryptogamia in the former, and of the dicotyledonous 
tribes in the latter ; and the more extensive geographical 
range of the same species of plants during the carboniferous 
era. The theory of the progressive development of creation 
receives no support from the state of vegetation in the early 
geological epochs ; fungi, iidiBus, hepatica^, and mosses, do 
not occur in the coal; btit oonifene, and the most perfectly 
organized of the cryptogamic class. 

The absence of all vegetable forms, except a few species of 
fucoids, in the most ancient fossiliferous rocks^ must not, how- 
ever, be regarded as a prool" that the florals of those remote 
epochs were thus sterile; the only legitiQ>ate inference, in the 
present state of our kno^v ledge, is^ that the circumstances 

* See an interesting account of the foBsil plants nf CEoingenj by 
Professor Braun, of Carlsruhe ; Dr. Bucklattd*a Eaa^y, p. 510, 
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under which those strata were accumulated were unfkyour- 
able to the envelopment and preservation of terrestrial 
plants. We have seen that the grand fundamental dis- 
tinctions of the vegetable kingdom existed in the earlj 
secondary ages, a fact in accordance with what we observed 
in the animal kingdom : and thus the same unity of purpose 
and design is manifest in all the varied forms of organization 
that lived on our planet, through the vast periods of time 
which geological investigations have enabled us to sc«i. 



LECTUSE Vin. 

Paet I.— Thh DiToifiAir, StLirwiJi, a»i> CimaiLiir FoiuiATiOKfl- 



1. iKTRODucToitir. S. Tl)« I>«vontaii Sfitem, &. 8uUdlvliU)ti« at t!i« DevoqatHll 
System. 4. DeTrojiIaii Strata of D«Tonihiie BTid Corn walL 5. Deveuion Stmtii nf 
Scotland. 6. DeTuniaii liyiiiem of tli& ContliJ^ht and America, 7. OrifaiUc 
Remains of tho Devonian Syarem. 91. Crustat^^uui of the Devanioji. 9, IlKheit 
of the Devonian. 10. Thu Silurinti Syiti?in. 1 1. S»baivi^anii of tti« l^ilnrlwu 
System. 12. iiiluTiaii Sjstetnof Eniflaijd 13. Hilufian Strata of SlafforJihtJi!. 
14. The ClenL Uilla. 15. Tbe Wrefcin. ^0. Tlte Mftlvi'fu JJilk 17. BQiJiUui 
StrataofEurQiJ«on4l America. IS. Posulli of th<j St^ur inn System, 19. S^liurlaii 
Zoophytes and Mallutcri. ^0. Silurian OJUttrraiiodautidCephAloiKida. 2\. ^Uu- 
rian Annelidc^fi Bud Crueuecatii. 2?, VUiMlOrgani^flf tlieTrilobhes. S3, Fi>ihc4 
of the Slluriati Synteui. 24. The Cumtirlan or BchiBtaie &j(Nm. 25. Stmeturu^ 
of Slate Rockj^. '2B. Skle Hocks of Slifo^ilLlie uid Cumbcikod, iJ, R«vi«w »t' 
the Silurian and Cuirthrian Sy^tbtnii^ 

1 . Introductory. — In the previous Lecture the Floras of 
the palaeozoic ages constituted the principal subject of inves- 
tigation. We examined the primeval forests of coniferse, 
and the groves of palms and arborescent ferns, which clothed 
the surface of the soil in that remote period of the earth's 
physical history. The insects which fluttered among the 
tropical vegetation of the islands and continents of those 
ancient epochs, and the fishes and crustaceans which inha- 
bited the seas and rivers, were brought in review before us, 
and we contemplated their extraordinary forms and organi- 
zation, as preserved by those natural processes, 

" Which turned the ocean-bed to rock, 
And changed its myriad living swarms 
To the marble's veined forms.'* 

MBS. Muwir-r. 




and inriiTi -3r-»: ^Lstr-*: s> aireaassK <fryiffflg 

rt*ma£na cif th«^ ptaaoss aiui anfmalff das exaacai i 
wcew* priy»#»3Ui*fi tft oar mxLCft.'fiC^^ 

Tata mokj ve ««^ f<>r tbe remaims o^ tie HHBafift of tke 
T<»Ttiar7 Y^jfAA, — o^ the moOKcm^ fefaea. aad icpdlaof tke 
O*^ — c»f th^ coli'jesal OTipanx&s qoadruped^ of the c uMti y 
'/f tft^ I;rrutr.'yi'>Ti— <.f the dnson-t'linK of the Oolite— of 
thf; f^*h'iikh Ilzftrda of the Lu^— or of the tnagial fixeats 
^/f th^ Cacrbooiferooi «Titeai — dU fc^Te diappemred ; and as 
th^ trarelkr who aaeeiyii to the regions of eternal snovr, 
^rradrja]<7 lo^t^ «>ight of the abodes of man, and of the 
groves and forest^ till he arriTes at sterile [Jainsy where a 
feir htnutfA .^iirubs alone meet his eje ; and as he adTance^;, 
eren th^;?*^ are lost, and mosses and lichens remain the onlj 
ve«tigei of organic life ; and these too at length pass awaj, 
and he enter.% the confines of the inorganic kingdom of 
nature : — in like manner the geologist who penetrates the 
t^4•J:Ti:X rec/;-?»e» of the globe, perceives at every step <£ his 
|;n^reii.H the exifjting tjpes of animals and vegetables gra- 
tUiaWy i\vAn\t\tt'/4iT, while the relics of other creations teem 
around him ; t)ie<^; in their turn vanish from his sight — 
other new and strange modifications of organic s tru c tu re 
Hupply their place— theee also fade awaj — ^traces of animal 
and vegetable life l>ecome less and less manifest, till thej 
alt^igether disappear — and he descends to the primary rocks, 
wliere all evidence of organization is lost, and the granite, 
'•ke a i>all thrown over the relics of a former world, con- 
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ceals for ever the earliest scenes of the earth's physical 
drama. 

2. The Devonian System* — I purpose in this division 
of the present Lecture to consider the characters and rela- 
tions of the three remaining systems of fossiliferous deposits, 
namely, the Devonian, Silijkian, and Cumbkian: all the 
rocks of more ancient diitCj so far as our present knowledge 
extends, being destitute of any traces of organisation, whe- 
ther of the animal or of the vegetabie kingdoms. 

The Devonian system, formerly called the Old Med Santl- 
stone (ante, p. 204), lies immediately beneath the Carboni- 
ferous limestone, and i^ largely developed in Devonshire^ 
Herefordshire, Monmouthshire, &c.: and in tlie south- east 
border of the Grampians^ and over the whole of the northern 
part of Scotland. It consists of many alternations of con- 
glomerates, shales, and sandstones, in various states of indu- 
ration. The sandstone is often of a schistose character, 
and this variety is largely employed for roofing, under the 
name of tilestone. The conglomerates are foamed of quartz 
pebbles, waterworn fragments of slate and otiier rocks, 
cemented together either by an argillaceous or a siliceous 
paste, coloured, more or les?, of a deep red, by peroxide of 
iron. These strata have evidently resulted from the degra- 
dation of ancient slate rocks; for they are entirely made up 
of pebbles, sand, and mud^ accumulated in depressions of 
the bed of the sea. The mountains of Scotland are bor* 
dered by immense deposits of a like character ; and those of 
North and South Wales by red pebbly sandstone* Some 
eminent geologists are of opinion that prior to the formation 
of the Devonian deposits, the Cumbrian slaty group of 
sands, flag -stones, &c., with porphyritic conglomerates, had 
been long consolidated ; and that they were subsefjuently ele- 
vated by subterranean movements^ and thrown on edge, and 
formed an irregular inland ; and at the siime time parts of 
the Grampians, Lammermuirs, and the slaty districts of 
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Ireland and Wales, and the Ocrynian chain of Cornwall, 
were above the waters. 

3. Subdivisions op the Devonian System. — The 
uppermost beds of this system, for the most part, dip con« 
formablj beneath the mountain limestone, or other members 
of the Carboniferous, and the lowermost pass into strata 
that belong to the upper series of the Silurian. For the 
convenience of study, the deposits comprised in this forma- 
tion are subdivided into three groups : — 

I. QuARTzosB Conglomerates and Sandstones and Marls. The 
sandstones are often either of a deep chocolate red^ or greenish 
colour. The marls partake of the same tints, but are frequently 
mottled with blotches of red and green. Fishes of the genus 
Holoptychius. 
11. CoRNSTONE and Marls. Irregular bands of concretionary lime- 
stone, provincially termed Oornstone ; with, intercalations of 
marl; the same colours prevailing as in the upper group. 
Abound in remains of Cephalaapia and other fishes. 
III. Tilestones. Finely laminated quartzose or micaceous sandstones^ 
termed tilestones, from the facility with which they are sepa- 
rated into thin slabs or tiles. Contain shells, and fishes of the 
genus Dipterus, &c. 

The total thickness of this system in Herefordshire and 
South Wales, is estimated by Sir R. Murchison at 10,000 
feet. Of its extent, in this part of Britain, the following 
remarks of the same eminent geologist will give a clear 
idea. " Occupying the largest portion of Herefordshire, 
and the adjacent districts of Worcestershire and Shropshire, 
it spreads over wide tracts of Monmouthshire, surrounding 
the coal-field of the Forest of Dean ; and forming a girdle 
round the great South Welsh coal basin, it constitutes in 
Brecknockshire the loftiest mountains of South Britain. 
The enormous thickness of the red stratified deposits in- 
cluded between the coal-measures and the Silurian rocks, 
will at once be comprehended by any observer who places 
himself on the eastern slopes of the latter on the Welsh 
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borders of Herefordshire, near Kingston for example; 
whence casting his eye to the south and south-east, the 
circle of vision, although extendiiij^ over all the hills 
between the Wye and the Usk, and terminating only in 
the lofty mountains called the Brecon and Caermarthen 
Fans, 2,500 feet above the sea-level, embraces nothing 
but Devonian sandstone. This view does not include 
a wide superficies, occupied merely by undulating maasea 
of the same strata, but a territory in which successive 
members of the system rise from beneath each other in 
distinct mountainous escarpments- The same succession, 
though on a much smaller scale, is displayed in Shropshire, 
between the coal-field of the dec Hills and the older rocks 
of Ludlow ; whilst in the central districts of Herefordshire 
the strata lie in a great basin, the lower edges of which are 
turned up against the Silurian rocks, both on their eastern 
and western flanks."* 

The red conglomerates of this system are well displayed 
on the right bank of the Wye from Monmouth to Tiutern 
Abbey (Medals, p. 930) : and beds of the Devonian sand- 
stone and conglomerate form the base of the mountain lime- 
stone at the embouchure of the Avon, and the central 
nucleus or axis of the Mendip Hills {ante, p. 522). 

4. Devonian strata of Devonshike akd Cornwall. 
— In the south of Devonshire; in many places dipping to- 
wards the anthracite or carboniferous sbales of the northern 
part of the district (ante, p. 683), there is an extensive series 
of strata, composed of green chlorite slates, alternating with 
quartzose shales and sandstones, with blue and grey lime- 
stones, which pass into, or are associated withj red sandstones 
and conglomerates. Many of these beds abound in organic 
remains. The slates of Devonshire were formerly regarded 
as belonging to the earliest or moat ancient fossiliferous 

* Silurian Syatom, p. 170. 



754 THE WONDERS OP GEOLOGY. Lzcr. VIII. 

Strata — the Transition rocks, as they were termed ; till the 
researches of Professor Sedgwick and Sir R. Murchison 
ascertained their true position and relations, and the unity 
of type which prevails in the organic remains of the entire 
system, in places very distant from each other, and under 
very dissimilar conditions of mineral character. The beauti- 
ful coralline marbles of Babbicombe, Torquay, &c." (ante, 
p. 643) belong to this formation. 

In Cornwall, which principally consists of Devonian strata, 
with slates, and intrusive igneous rocks, Silurian deposits 
have lately been detected. The killasy or metamorphic schists, 
of the southern headlands of the coast, contain many fossils 
typical of the Lower Silurian ; and Sir R. Murchison states 
that the geological structure of Cornwall may now be 
regarded as presenting the following series : — 

1. The lowennost : a band of Silurian deposits. 

2. A zone of an intermediate character, forming a transition between 

the Silurian and Devonian. 

3. A Devonian system characterized by lower and upper limestones. 

4. An extension of the culmiferous {carboniferous) strata of Devon- 

shire.* 

The hillas are argillaceous strata that have been indu- 
rated by metamorphic action, like those of Scandinavia and 
the Ural mountains ; and as in those countries the granites 
and porphyries of Cornwall, traverse the palaeozoic de- 
posits. 

Sir R. Murchison further remarks, that the stanniferous 
(tin) gravels of Cornwall bear the same relation to the 
granite and killas, as the auriferous deposits of the Urals 
to the erupted and schistose rocks of that chain. 

On the opposite side of the Channel, in Brittany and 
Normandy, the same mineral type prevails ; namely, Cara- 
doc sandstone and other Silurian, with Devonian and Carbo- 
niferous strata. 

* Jameson's Edinburgh Journal for July, 1847. 
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5. DEVONiiLN System of Scotland.— The deposite of 
this system occupy an important place in the geology of 
Scotland, and have of late years attracted considerable 
attention, from the interesting fossils they have yielded, 
and the admirable illustrations of the most important phe- 
nomena, given by Mr* Hugh Miller, in hia delightful 
work.* According to this charming writer, the whole of 
the northern part of Scotland, from the Penlland Frith 
to the mouth of the river Spey, consists of Devonian de- 
posits resting on a central nucleus of primary rocks, viz., 
granite, gneiss, and micaceous schists* Similar strata 
are also found in insulated patches in various places of the 
interior of the country, ** They cap some of the higher 
summits in Sutherlandshire ; form an oasis of sandstone 
among the primary districts of Strathspey; rise on the 
northern shores of Lochnesa in an immense mass of con- 
glomerate, based on a small-grained red granite, to a height 
of three thousand feet above the sea-level ; and on the north- 
western coast of Ross- shire, form three immense insulated 
hills {Suit Veitm, Coid Beg^ and Coal il/bref), of as great 

* The Old Red-ftandatonc; or, New Walks in an Old Field, By 
Hugh Miller. Edinhurgh, 18-41 ; 1 yoK 12mo, >irith platea. 

f These insular mountaiur? of Old Red, arc cited by Dn Macculloch 
(Western Isles, vol. ii. p, 90), and Mr, Lyell (Elementa of Geology, vol. 
i.), as instructive cTLampIeH of the vatt amount of denudation ivhicU haa 
taken place in many countries. Mr Lyell obeervea : *' The funda- 
mental rock of tliis part of Scotland is gneiss in diBtnrbed strata, on 
which beds of nearly horizontal red-Bandfltouc r&^t uneonformably. 
The latter are often very thia, fonniug mor^ A^s^ with their BuxfiLce 
distinctly ripple- maiked, Thoy ond aliruptly on the de<:livitie3 of 
many insulated mountains, whieh rise up at onee to the height of 
about two thousand feet above the gneiss of the surrounding plfun or 
table land, and to an avcmgo eluvatiou of about three thousand feet 
above the sea, which all their aummita gimeraLly attain. It is isn pos- 
sible to comparii these iseattered and detached portionjs without 
imagining that tho wholo eouutry has onee been covered with a great 
depth of sandstone, and that ma£&eB f^om one thousand to more than 

VOL. II. 3d 
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an altitude, that rest unconformably on a base of gneiss.''* 
South of the Grampians, Devonian strata underlie the car- 
boniferous system of Fifeshire ; and a zone of these deposits 
skirts the southern flank of those mountains, from Stone- 
haven to the Frith of Clyde ; and constitutes, with intrusive 
trap rocks, the Sidlaw Hills and the Valley of Strathmore. 
In a section of the country from the foot of the Grampians 
in Forfarshire, to the sea at Arbroath, a distance of about 
twenty miles, where the entire mass of strata is several 
thousand feet thick, the triple division of the system is 
very obvious ; namely, .1st, and uppermost, red and 
mottled marls, comstone, and sandstone. 2. Conglome- 
rates, often of vast thickness. S, Tiles and paving stones, 
highly micaceous. The lowermost beds contain remains 
of fucoid plants in abundance.f According to the 
observations of Mr. Miller, each groijp is characterized 
by the prevalence of a peculiar type of fishes (see ante, 
p. 752). 

From the extension of the Devonian strata along the 
northern shores of Scotland, numerous bays, friths, and 
estuaries, have been produced by the long-continued action 
of the sea, as is strikingly exemplified between Sutherland- 
shire and Inverness4 " In a line of coast but little more 
than forty miles in extent, there are four arms of the sea, 
namely, the Friths of Cromarty, Beauly, and Dornoch, and 
the Bay of Munlochy. The Frith of Tay, and the Basin of 
Montrose, are also semi-marine valleys of the Old Red-sand- 
three thousand feet in thickness have been removed.'' — Elements of 
Geology^ 2d edit. vol. i. p. 141. 

* Ibid. p. 23. . t Ibid. vol. U. p. 148. 

X y The county of Sutherland stretches across Scotland from the 
German to the Atlantic Ocean, and presents throughout its whole 
extent — except where a narrow strip of the Oolite formation runs along 
its eastern coast — ^and an interrupted belt of Old Red-sandstone tips 
its capos and promontories on the west — a broken and tumultuous sea 
of primary hills." — Mr. Miller, p. 30. 
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Stone. Two of the finest harboura in Britain, or the world, 
belong to this fonnation — MUford Haven, in South Wales^ 
and the Bay of Cromartj ;"* the latter, Mr. Miller's re- 
searches and writings have made classic ground to the 
geologist. 

The predominating colour of the sandstones and con- 
glomerates has probably been derived from the red granitic 
gneiss which forms chains of precipitous ridges in the north 
of Scotland. This rock contains hBematitic iron -ore, dif- 
fused as a component of the stone throughout its entire 
mass ; and this metal also occurs in insulated blocks of 
great richness, and in thin filiform veins. f 

6. Devonian of the Coktuikkt ajtd Ameeica, — In 
the Rhenish provinces and adjacent districts of Germanyj 
Devonian strata underlie the carboniferous system, and 
may be traced around, and dipping under tlie cual-field of 
Westphalia4 

In Russia, according to the researches of Sir R. 1. Miir- 
chison, the Devonian system axteods over an area of 1 50,000 
square miles, a region more spacious than the British Isles ; 
and yet, throughout this vast superficies, the subdivisions 
of the system are as dif^tinctly characterised by their re- 
spective fossils as in the disturbed districts of our own little 
island. || 

In North America, the Devonian deposits appear in a 
very prominent and uharacterisfic form ; surrounding each 
of the great coal-fields of the United States. The Silurian 
rocks, which are largely developed in those countries, are 
more or less overlaid by shales, sandstonesj and flagstonei 
of this system ; and these are surmounted by red sand- 
stone, containing remains of the fishes and shells peculiar 

* MiUcr'fl Old Hed-aandeioiie, p* 205. 
t Ibid, p. 248. 

X Prof. ScdgMTick antj Sir R, L Munihifion. 

li Sir IL 1. Murtihiisan'is Geology of Eusdoi 

3 li2 



t 




758 THE WONDERS OF GEOLOGY. Lbct. VIII. 

to the equivalent deposits of England. These Devonian 
beds are covered by carboniferous strata, distinguished, as 
in Europe, by marine shells of the genera, Ijepttsna^ 
Bellerophoriy JEuomphaluSy Goniatites, &c., associated with 
land plants. 

7. Organic Remains of the Devonian. — The deposits 
comprised under the name of the Old Red were formerly 
regarded as very sterile in organic remains, and classed 
among the so-called Transition rocks, in which, it was sup- 
posed, traces of animal life first appeared. Modem re- 
searches have, however, shown that though many of the 
strata are locally unproductive in fossils, yet others abound 
in the remains of corals, shells, crustaceans, and fishes ; 
the marine fauna of this epoch being extremely rich, 
and containing certain peculiar types, but, as a whole, 
forming a connecting link between the zoology of the Car- 
boniferous system which followed, and the Silurian which 
preceded it. 

Ichthyolites are abundant in the sandstones of Caithness, 
Cromarty, and other Devonian localities in Scotland, but 
shells are rare; while in Devonshire, testaceae and crusta- 
ceans are numerous. 

Plants, Of the vegetable kingdom, the only traces found 
in the Devonian system — with the exception of occasional 
intercalations of thin layers of coal, and carbonaceous strata 
— are those of fucoid plants, impressions of which appear on 
the surfaces of many of the laminated sandstones. In the 
lower Devonian strata in Forfarshire these supposed fucoid 
remains are very abundant, and are often accompanied with 
groups of small flattened hexagonal carbonaceous bodies, 
which occupy slight depressions in the stone or shale; 
these fossils, Mr, Lyell believes to be the eggs of gastero- 
podous moUusca, for they closely resemble those of the 
recent Natica,* 

* Elements of Geology, p. 151. 
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Zoophytes. The Corals and Crinoidea are numerous, 
and most of the genera^ and muny of the Bpeeiea, are 
equally abundant in the Carboriiferotis system. The 
FavositeSy* and Cyatkophylla^^ are common both in the 
mountain limestone and m tlie Devonian marhles. The 
Crinoideans comprise several genera, and some peculiar 
species of Cyathocrinm (a?ite, p. 655\ and Pejitt^miles 
(p. 650). 

MoUusca, The shells in some districts are very nume- 
rous, consisting of many genera of gasteropoda ; as, Buc- 
ciiium, TurhOy Pleurotomitrta, &c, ; and conchitVra, as 
CucMlkea, Avicula, PecteUf &u. 

But the most remarkable feature in the conchology of 
this epoch is the abundance of the ancient typea of brachio-- 
poda. In the British Devonian strata alone have been 
determined of Atrypa, 20 species ; Leptrnjia, 7 ; Orthu, 16 ; 
Sjnrifer, 34 ; Terehratuh^ 30. 

Cephalopoda, Of the higher order of molluscous ani- 
mals, species of seven or eight genera are met with. The 
most common belong to J^elUrophon^ Ortkoceras, Cyrto- 
ceras, Ooniatites^ and Cly mania ; the latter differ from 
the Goniatites in being flattened, and having an internal 
siphuncle, and angular septa.J Tlie Orthoceratites in the 
limestones of Devonshire often attain a hu'ge size. The 
shell is commonly changed into white calcareous spar, 
which in sections, forms a beautiful contrast with the red 
hue of the surrounding rock.§ 

8. Crustaceans of the Deyoniah Sttstem. — In this 
formation the palaeozoic types of Crustaceans, the Trilobitea^ 
begin to appear in considerable numbers j and prepare na for 
the myriads that are imbedded in the Silurian rocks. The 

♦ Medals of Creation, p. 295. \ Ibid. p. 298. 

I See Mr. Lyell's Elementti of Geology, p. 156, fig. 312. 
§ Polished slices of marble uiarkt^d witU jiections of OrtUoceratiteft 
are sold by the lapidaries of Torquay and Teignmouth. 
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Calymene {Lign. 178) is a common form; and a very pecu- 
liar modification of this family, termed Bvimtes* has 
hitherto been found only in the Devonian deposits. 

Eurypterus,^ A large species of this extinct genns of 
crustaceans occurs in the Devonian sandstone of Forfershire ; 
and fragments of the case or shell have long been known 
to collectors as ^^ petrified Seraphims^^* the name applied to 
these fossils by the quarrymen, from their fancied resem- 
blance to the conventional figures of cherubs. The first 
specimens which threw light on the nature of the original 
were discovered by Mr. Miller at Balruddery. The cara- 
pace of this animal forms a lozenge-shaped shield, and the 
appendage of the post-abdomen is a continuous flap. The 
claws resemble those of the common lobster. The gfob- 
taceous covering, or shell, is ornamented externally with 
circular and elliptical markings, which give it an imbricated 
or scaly appearance : and it was the imprints of this sur- 
face that produced the enigmatical fossils to which the 
workmen ascribed a celestial origin ! Some specimens in- 
dicate a total length of four feet.J 

9. Fishes of the Devonian System. — M. Agassiz 
has determined no less than one hundred species of fossil 
fishes from the Devonian formation, in which, but twenty 
years since, a few doubtful scales discovered in Forfarshire 
by Dr. Fleming, were the only known vestiges of this class 
of vertebrated animals. In the British series, there are 
upwards of sixty species, belonging to twenty-six genera. § 
Of these, the most characteristic are the CepkalaspiSj 
PterichthySy and CoccosteuSy which form a group of ex- 
tinct genera, that has no representatives in the Silurian 

* Medals of Creation, p. 659. f Ibid. p. 641. 

X See New Walks in an Old Field, p. 147. There are spedmeiiB 
of this crustacean in the British Maseum from the qwuriflB dT 
CarmyUe. 

§ Sec Mr. Tennant'B Stratigraphical List of BriilBh FoflBils, p. 119. 
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formation below, nor in the Carboniferous rocks above ; nor, 
except hj distant and faint analogies with existing fishes, 
can these rem art able organisms be brought within the pale 
of zoological arrangement. These ichthyoUtea agree in 
one general characterj that of having relatively enormous 
osseous or ht>rnj plates, or escutcheons. Their general 
appeainncc will be understood by reference to Li^7i. 171, 
172, which represent a remarkable specimen of the first- 
named genus, discovered by Mr. LyelL 

Cep^iolmpis. In the Old Eed-sandstone underlying the 




LltiK, 171.— CjiPHALA&lia LVKLLII. 

From tikmmU, in Pfirrar^tiire* h tah i^ulis^ ta tile D«VQnlin |i|item. 
{0 tefourtA ihf nalurai Mitt.) 



carboniferous strata of Scotland, scales and other reniiuns 
of fishea were disco VLTed manyyeai^s aincu by Dr. Fleming. 
These rulics belong to tlie extraoi-dinary gL*nus of fishes, 
named Cephalaspu (Buckler' head) by M. Agassiz, from 
the head being covered by a buckler or shield, and the 
plates unitfd into one osseous ease. The scales form 
elevated bauds, and the rays of the fins are covered by 
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the membrane which elsewhere surrounds them. From 
the large size of the plate which covers the head, its 
lamellar structure, and crescent-like form, terminating 
in two horns or points, detached specimens were formerly 
supposed to belong to trilobites or some other crusta- 
ceans. The whole body is covered with scales, and 
those of the head are highly ornamented with radiated 
markings. The tail is a long pedicle supporting a fin.* 
Numerous remains of these fishes have been found in the 




Lion. 172. — Cephalaspis Ltellii. 
Lateral view, showing the produced dorsal lobe of the tail. 

Devonian strata of England, Scotland, and even Russia. 
Mr. Miller states they are principally restricted to the 
middle group, the cornstone and marls (ante, p. 752). 

PteHchthys,^ The fishes of this genus are distinguished 
by two wing-like lateral appendages, which, like the spines 
of the common Bull-head ( Cottm gobio), were weapons of 
defence. The head and anterior part of the body are 
covered with large angular tuberculated scutcheons. There 
are two eyes, which are placed in front of the lateral spines. 
Five or six species occur in the British strata; all very 

* McdalH of Creation, p. 645. 

t Winged-ftsh. Medals of Creation, p. 648. 
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small, the longest not exceeding eight or ten inches in 
length. But in the Devonian sjstem of Russia, gigiiDtic 
species are met with, I have seen in Sir E. J, Murchison'a 
collection specimens and models in which the lateral Bpinea 
are one foot in length • 

Coccosteus.* In form, and in the arrangement of the 
horny scutcheons j the iisbea of this genus have a close 
resemblance to the Pterichthys* The plates are tuber- 
culated; the tail is very long, covered with scales^ and 
supports a fin. There ^re lour or five species^ varying 
in length from a few inches to two feeti Their remains 
are the most abundant of the iehthyolites of the Old Eed 
system. Patches of detached scales, and insulated osaeous 
plates, are very frequent in the sandy corn stones and sub- 
crystalline limea tones* They are usually of a brilliant 
blue or purple CMilour, which strongly contraeting with the 
dull red tint of the surrounding rock, renders them easy 
to be detected. Thia colour is supposed to be due to the 
presence of phosphate of iron, which has communicated a 
similar tint to the ichthyohtes of the Caithness schists. f 
In none of these fishes have any traces of vertebrsc been 
discovered; it is therefore probable that the spinal column 
was cartilaginouSj as in the Sturgeon. 

JSolopty chins. My limits will only admit of a rapid 
notice of a few other Devonian ich thy elites. Among these, 
several species of the large sauroid fishesj named Solo- 
ptychius, fronl the peculiar character of the scales j are most 
strikingly conspicuous. This genua we have already 
noticed in the account of the carboniferous ichthyolitea 
{ante, p. 741)4 

* Beri-y-bone jbh : from tUc plates bemg studded over ^th small 
tubercles. Medals of Creation, p. G48. 

f Silurian Syj^tttm, p. 583. 

I A splendid upticimuii yf /f, nohUissimtis, twenty-eight ladie»loii^, 
is figured in Siliman &ytitcm, pi 2, aud ia now in the British Mo^Gom. 
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Dendrodtis, This fish is allied to the Holoptjchios, but 
the structure of the teeth, scales, and occipital plates, are 
peculiar. The teeth are of a conical form, slightly curyed, 
solid throughout, and finely striated longitudinally; and 
the medullary canals and calcigerous tubes are so disposed 
as to produce a dendritical, or arborescent appearance, in 
transverse sections ; a character which is expressed by the 
name, Dendrodus.* 

Dipterus^ and Diplopterus^ are two nearly related genera 
of ganoid fishes, so named from their possessing two dorsal 
fins, which are placed opposite the anal and ventral fins. 
These fishes, together with the Osteolepis, another common 
Devonian genus, have bony scales plated with enamel, and 
finely punctated ; jaws, consisting of enamel without and 
bone within, and beset with sharp-pointed teeth ; " closely 
jointed plates bui'nished like ancient helmets, cover their 
heads, and seem to have formed a kind of outer table to 
skulls externally of bone and internally of cartilage : these 
gill-covers consist each of a single piece like that of the 
Sturgeon; their tails were formed chiefly on the lower 
side of their bodies ; and the rays of their fins, enamelled 
like their plates and their scales, stand up over the connect- 
ing membrane, like the steel or brass in that peculiar 
armour of the middle ages, whose multitudinous pieces of 
metal were fastened together on a ground-work of cloth, or 
of leather. All their scales, plates, and rays, present a 
similar style of ornament."t 

Olyptolepisy Cheirolepis, and C heir acanthus, are other 
characteristic fishes of this system of deposits. J Of 

* Medals of Creation ; see p. 653. PI. VI. fig. 8, ropresents a portion 
of a tooth highly magnified. 

t Miller's New Walks in an Old Field, p. 80. 

X Consult Mr. Millers work above quoted; and M. Agaaslz's beau- 
tiful Monograph on the fishes of the Old Ked-sandstone ; published by 
Mr. Bailli^re ; and Sir B. Murchison's Silurian System. 
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the placoid fishes, species of the genera Onchus and 
Ctenacanthus have been discovered ; but this order is but 
feebly represented in the Devon iaii epochj while the ganoid 
is largely developed ; the Cephalaspides and the Di/pteriam 
appear exclusively in these strata-* 

10. The Silurian System.— By a reference to the 
synoptical arrangement of the formations (ante, p, 204 — 
206), it will be seen, that the interval betwet;n the Devo- 
nian system, and the uppermost of the hypogene rocks, 
the Mica-schisty is occupied by an immense thickness of 
slate rocks, limestones, sandstones, and argillaceous strata. 
These deposits were formerly grouped together under the 
name of Transition rocks ; a designation applied by the 
celebrated Werner, upon the supposition that they were 
formed when the world wm in a state of tranaition 
from a chaotic to a habitable condition ; they were also 
termed Orauwacki^^ from the hardened eonglomeritic 
character of many of the strata ; but the whole series is 
now divided into two natural groups. The uppermost is 
designated the Silurian System4 by Sir E. Murchison, 
whose indefatigable rerieart^he^ have determined the true 
position, relation, and cliaracter of these deposits ; and the 
lowermost, consisting principally of slate rocks, has been 
named the Cumbrian System, § by Professor Sedgwick, 
whose successful labours in this difficult field of geological 
investigation, have rendered clear and intelligible pheno- 

* See M. Agassiz's Genealoglml Table in Becherchea but le» PolssouA 
Fossiles, torn. 1. p. 170. 

t From the German gran, grey, and wacke^ & name employed by 
the German miners to denote hardened eoGglomemteti, - 

X Silurian — a term derived from SilureSj tlie anoient Britons who 
inhabited those parts of our Island where theB<! strata are moat dis- 
tinctly developed. 

§ Cumbrian, from the Lake diHtrict of Cumborlandj which ia prin- 
cipally composed of slate rocta. In the Map, p. i04j the Silurian aad 
Cumbrian systems are denoted by the same number (S) and colour. 
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mena which were previously involved in doubt and ob- 
scurity. 

The Silurian system is largely developed in the border 
counties of England and Wales, and spreads over a con- 
siderable area of South Wales, forming a link which 
connects the Devonian series with the ancient slate rocks 
of that country. The strata are named and characterized 
by Sir R. I. Murchison according to the following table : — 

The Silurian System. 

(Commencing with the uppermost), 

Ludlow* rocA»— slightly micaceous grey-coloured 
sandstone. Blue and grey argillaceous limestone. 
Dark-coloured shales and flag-stones, with con- 
Upper I cretions of earthy limestone, containing ortho- 

suurian : ( cerata, spirifers, and trilobites. Fiahea, 
thickness about / WenlocJcy^ or Dudley limestone — sub-ciystalline 
4 ,000 feet. 1 Y)\ue and grey limestone — ^abounding in trilobites, 
I crinoidea, polyparia, spirifers, orthocerata, &c. 
^ Wenlock «AaZe— dark-grey argillaceous shale, with 
nodules of sandstone. 

!Caradoc\ sandstone — shelly limestones, and finely 
laminated, slightly micaceous greenish sand- 
stones. Corals, mollusca, trilobites. Fishes. 
LlandeiloX flags and sandstones. Freestone, con- 
glomeritic grits, sandstones, and limestones. 
Dark-coloured flags. Beds of schist with abun- 
dance of trilobites and mollusca. 
Total thickness, nearly 8,000 feet.§ 



* Towns in Shropshire, situated on the respective strata thus desig- 
nated. 

f Caradoc, or Caractacus, from the Caradoc hills of Shropshire, so 
named from the celebrated British chief. 

X Llandeilo ; so named from a town in Caermarthenshire. 

§ The Silurian System, founded on geological researches in the 
border counties of England and Wales, with descriptions of the coal 
fields and overlying formation ; by Roderick Impey Murchison, F.R.S., 
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The whole of these strata are of marine origin, without 
any interspersions of fresh- water or terrestriaJ detrittiB 
whatever; and the limestones swarm with trilobitesj cri- 
noidea, corals, spirifers, leptaenae^ and other foasilaj with 
which our late investigations have made us familiar. The 
subdivisions introduced are locally important ; hut a general 
analogy prevails in the organic remains throughout the 
entire system, and there does not appear to be any essen- 
tial variation in the forms or conditions of organic life, aa 
deducible from the fossils, from the coimn en cement to the 
termination of the series ; and though each principal divi- 
sion may be distinguished by its peculiar foasila, yet the 
upper and lower Silurian rocks are bound together by 
species common to both, and form but one natural system, 
though for convenience they are classified in two groups. 

11. Subdivisions of the Silttrian System. — The 
Upper Silurian comprises the Lmlkm rockm, so named fi-om 
their great development around Ludlow, in Shropshire ; 
they are subdivided as follow : — 

(a,) Ujyper Ludlow^ consisting of micaceous and calca- 
reous sandstone, decomposing into soft mud : a few species 
of shells common in the lower Devonian occur, and 
some {Orthis orbicular k) that have not been observed in 

&c. In two parts, royal 4to. with a separate map, and numerotifl iUofltra- 
tions. London, 1839 ; p. 703> The putilication of thifi apltjndid work 
formed an era in British Geology ; it is a notle luonumeat of patient^ 
laborious, and successful flcientifie reacarch, pursued through a long 
series of years, reg-ardless of toil, time, or expeaae. The rctjulta of th© 
labours of its highly-gifted y.uthor are alike novel and important ; rocka, 
which, under the names of trauaitionand gieywaekfi (termB that served 
as a veil for our ignorance), were proviouRly eoii!iidcn;d without the 
pale of scientific arrangement, were for the first time reduced to a 
regular system, and their zoological characters as well defined as tho§0 
which mark the newer secondaty forjuationa. The addition made to 
the geological fauna by the author^ amoimta La nearly 400 species. 
This is truly a national work i the description of the British coal-fiolds 
is as important in an cconomieal, sd In a ttdenti&c point ol view. 
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Other deposits. The lowermost strata, to a thickness of 
thirty feet, are literally made up of brachiopodous shells 
(Terebratula navicula). 

(b.) Aymestry limestone. Principally argillaceous and 
subcrystalline limestones ; characterized by the prevalence 
of the remarkable brachiopodous shell, the PentameruSy* 
a genus only found in the Silurian deposits. 

(c.) Lower Ludlow rocks, A series of shales and con- 
cretionary limestones, distinguished by the presence of 
some peculiar chambered shells (Lituites, Phragmoceras\ 
Trilobites (HomaloTiotus), and zoophytes allied to the 
Sea-pens {Oraptolites).f 

The inferior series of the Upper Silurian consists of the 

Wenlock shales and limestones ; but the latter are better 

known as the Dudley limestoneSy from the interest and 

variety of the organic remains with which the strata in 

/ the vicinity of that town abound. 

From the profusion of Trilobites, shells, and corals, dis- 
played in relief on the surface of the slabs of the Dudley 
limestone, many of the specimens are of surpassing interest ; 
they are, indeed, tablets of stone, inscribed with the typical 
hieroglyphics of the palaeozoic ages. 

The Lower Silurian formation is divided into two 
groups j— 

(a.) The Caradoc sandstones, consisting of shelly limestones 
and sandstones, which contain trilobites, and cephalopodous 
and brachiopodous shells, unknown in the upper strata (as 
Pentamervs Icevh, Orthis grandis, &c.) ; and, {p.) the Llan- 
deilo flags, which are dark-coloured micaceous schists and 
flagstones, that form the base of the Silurian system. In 
these lowest deposits some large Trilobites {Asaphus JBuchii), 
and certain species of Graptolites occur, and are regarded as 
characteristic. 

12. Silurian System of England. — Both the litho- 
* Medala of Creation, p. 383. f Ibid. p. 290. 
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logical and zoological characters of this syetem, and even of 
its principal subdivisions, are found to prevail not only ia 
England, and over the continent of Europe, but also iii\ 
North America, where the Silurian rocks are largely \ 
developed, and form the principal ranges of the ABeghany i 
mountains. ^ 

In Cornwall, Silurian rocks appear in several places, 
emerging from beneath the predominant strata of the dis- 
trict, the Devonian, and containing characteristic fossils,* 
But the grand development of this system is in the border 
counties of England and Wales, including, according to Sir 
R. Murchison, the whole of the slnte rocks of North Wales j 
the fossils found in the latter entirely corresponding with 
those of the Lower Silurian deposits. ** Even in the Lake 
districts, with a great expansion of equivalents of the 
Ludlow and Wenlock rocks j there are no organic remains 
of higher antiquity than the upper part of the Lower 
Silurian : and however diifering in mineral characters, and 
containing a few species of fossUs hitherto undetei'mined, 
all the great inferior masses of that region and of North 
Wales, are the equivalents of those to which the term Lower 
Silurian is applied. The Cumbrian system of Professor 
Sedgwick is, therefore, identified in zoological type with 
the Lower Silurian deposits," + 

13. Silurian strata of STAi^FORDsnmE* — Among the 
British Silurian districts, the country around Dudley, 
Walsall, and other parts of Staffordshire, demand especial 
notice from the interesting circumstances under which these 
palaeozoic rocks occur ; being isolated, as it were, from the 
great regions of the formation, and thrown up amidst the 
newer deposits, like islands in the Triaasic and Carbonifer- 
ous systems : and the facility of access to these localities, 
by the railroads from the metropolis, renders them pecu- 
liarly valuable to the geological student* 

* Sir R. Murchieoti ; atilti, p. 7^* t Ibid- 
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At the distance of about 120 miles from London, an 
insulated mass of Silurian rocks is protruded through 
the once overlying Triassic and Carboniferous strata at 
Walsall, and forms a ridge of hills on the eastern borders 
of the great Staffordshire coal-field ; while near Dudley, a 
few miles to the south-west, another range of Silurian 
hills, produced by a similar upheaval, appears in the midst 
of the same carboniferous basin ; and near these hills is a 
mass of volcanic rocks, called Rowley Hill.* 

The town of Dudley is situated partly on the coal- 
field, and partly on the group of Silurian rocks which 
constituted a prominent feature in the physical characters 
of the landscape. These Silurian deposits rise into an 
elevated chain of hills, which extends four or five miles 
diagonally across the coal-basin, in a line from Dudley to 
Wolverhampton ; the latter town standing on Triassic strata 
near the western margin of the coal- field. f The aspect 
of the surface of the country denotes the nature of the 
sub-soil, for the Triassic districts are generally covered with 
verdure ; while those of the coal, from the extensive mining 
operations every where in progress, present for the most 
part a character of sterility and desolation. 

In the Dudley Silurian range, three hills are strikingly 
conspicuous, namely Sedgley, which is composed of the 
Upper Ludlow rock and Aymestry limestone; and the 
Wren's Nest, and the Castle Hill, consisting of Wenlock 
shale and limestone; these hills, with their connecting 
valleys, form a verdant tract in the midst of the surround- 
ing coal-measures. 

The most remarkable eminence of this group is 'that 
called the Wren's Nest, which is a steep headland, covered 
on the top with stunted wood, and presenting the appearance 

* See the beautiful geological map that accompanies Sir B. Murchi- 
son'a work on the Silurian System. 
t See ante, p. 673, for an account of a colliery near Wolverhampton. 
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of a truncated dome ; its summit is deeply excavated, whence 
the common ironical name. This hill, as shown in Li^n. 
173, consists of arched strata of Wenlock 
shale and limestone. The limestone teems 
with the characteristic fossils of this di- 
vision of the Silurian system, namely, Tore- 

lobites, Crinoideaj Corals^ Uc. Castle Hillt 

* and Hurst Hillj are similar and parallel 

5 upheaved masses. 

H The truncated appearance of the summit 

1 of Wren's Nestj has evidently originated 

2 from the denudation of the upper part of the 
S dome of which it once consisted : the strata 

3 having heen originally protruded in an 
arched position, as in Kettle Hill {see the 
section J U:gn. 173)- and we have in these 
Silurian limestones and shales, a corre- 

5 spending structure with that observable in 
S the mountain limestone of Crich Hill in 
§ Derbyshire, of which we have already 
g spoken {ante^ p, B^^). 
e 14. The Clent HuLs.-^In the above 
^ section, the upheaved and contorted sedi- 
mentary deposits are alone displayed, the 
deep-seated volcanic mass, by whicb they 
were elevated and thrown into their present 
position, being concealed from view. But 
in several places in the surrounding district, 
the intrusive igneous rocks appear above the surface, in 
sharply-defined ridges ; as in the Bowley Hill, near Dudley, 
and those of the Clent, Romsley, and Lickey ; and the more 
distant ranges of Abberley, and the Halverns, in Worcester- 
shire. 

About two miles to the south of tbe Dudley coal baein, 
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and stretching in a parallel direction with the Silqrian 
range previously described, is another chain of hills, about 



Calcotmil. Walton Hill, St.Kenelm*. 




Triassic. Trap rocks. Triassic conglomerate. 

LioK. 174. — Section op the Clent Hills. 
{Sir R. Murchison's Sil. Syst.) 

six miles in length, and varying in height from 800 to 
1000 feet, called the Clent Hills.* This elevated district is 
formed by a protrusion of felspathic trap rocks through the 
Triassic strata, as shown in Lign. I74.f This basaltic 
eruption must have taken place after the carboniferous 
strata were deposited, and long antecedent to the Triassic. 
The following description by Mr. Hugh Miller is too 
graphic to be omitted . — 

" The New Red-sandstone, out of which the Clent Hills arise^ 
forms a rich, slightly undulating country, reticulated by many a green 
lane and luxuriant hedge-row ; the hills themselves are deeply scooped 
by hollow dells, furrowed by shaggy ravines, and roughened by con- 
fluent eminencies; and on the south-western slopes of one of the finest 
and most variegated of the range, half on the compsgratively level 
red sandstone, half on the steep-sided billowy trap, lie the grounds of 
Hagely. Let the Edinburgh reader imagine such a trap hill as that 
which rises on the north-east between Arthur's Seat and the sea, 
tripled or quadrupled in its extent of base, hollowed by dells and 
ravines of considerable depth, covered by a soil capable of sustaining 
the noblest trees, mottled over with votive urns, temples, and obelisks. 



* Within the precincts of the Clent Hills are Hagely, the seat of 
Lord Lyttleton, which the muse of Thomson has rendered classic 
ground ; and the equally celebrated Leasowes of Shenstone. 

f The trap or volcanic rock of the Clent, Lickey, and Abberley 
Hills, is chiefly composed of brownish-red compact felspar, occasionaUy 
porphyritic, and sometimes passing into a fine concretionary rock. — 
Sir R, Murchiaon ; Sil. Syst p. 496. 
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and traversed hy many a wmding^ w^\k, nkilfallj designed to Uy opea 
every beauty of the place, and he will have no very inadequate idea of 
the ' British Tempe/ fiung by Tliomaon. We find its lovelinesB 
compounded of two simple geological elements, — that alirupt and 
varied picturcsqueness for wbich the trap rocta are bo famous, aad 
which may be aeen m strikingly illustmtcd in the neighbourhood of 
Edinburgh; and that soft-lined and level beauty— an exquisite com- 
ponent of landiicape when tt does not stand too much alone — bo charac- 
teristic, in many localities, of the New Hed-aandgtone formation. 
From the hill-top,* the far Welsh Mountains, though leftaened in the 
distance to a mere azure rippbp that but barely roaghena the lino of 
the horizon, were aa distinctly definjftd in the clear atmosphere, as the 
green luxuriant leafage in the foreground which harmomzed so exqui- 
sitely with their blue. The line extended from far beyond the Shrop- 
shire Wrekin, on the right, to far heyond the Worcestershire Malvems^ 
on the left. In the foreground wc have the undulating trap j next 
succeeds an extended plain of the richly-cultivated New Ked-aand- 
stone, which, oceupying fully two-thirds of the entire landscape, forms 
the whole of what a painter would term its middle ground. Then 
rises over this plain, in the diatance, a ridgy acclivity, much fretted 
by inequalities, composed of the Old Red-sondatone formation, cohe^ 
rent enough i^ have resisted those denuding agencies by which the 
softer deposits have been worn down ; while the distant sea of blue 
hills, that seems aa if toppling over itj hafl been scooped out of the 
Upper and Lower Silurian formationa, and demonstrates in ita com- 
manding altitude and bold wavy outline^ the still greater solidify of 
the materials which compoBe iV f 

15. The Weekin, — The Dudley coal-field is remark- 
able for the beds of volcanic grit intercalated between the 
upper strata of the coal-meagures and the lowermoist 
triassic deposits ; and which Sir R Murchison ia of opinion 
were formed from tt[e detritus of submarine volcanoa^ wbich 
were in activity towards the close of the carboniferous 
epoch.J The solid intrusive trap rocks are of a later date^ 

* The eminence ao glowingly described by Thomson :— 

" Meanwhile you gain tbe top from whose fair brow 
The bursting prospeet spreads Immsnjte aroanil/' &c. 

t First Impresftiom of England and ita People, by Hugh Miller ; 
London, 1847, p. Ill- 
X Silurian Sy^iem^ p. 46S. 
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and appear in various detached points, near Dudley. The 
largest mass constitutes Kowley Hill, a ridge two miles and 
a half long, and one mile wide, ex- 
tending from Rowley Regis to the 
southern suburbs of Dudley. This 
trap rock, known locally as the 
Rowley-rag^ is a hard, fine-grained, 
crystalline green-stone, being an 
admixture of grains of hornblende 
with small crystals of felspar and 
quartz. This mineral appears in 
a slender columnar form in Pearl 
Quarry, near Timmin's Hill, at 
Rowley. 

But one of the most remark- 
able examples of erupted trap in 
this part of England, is that 
which has formed the hill called 
the Wrekin, near Wellington 
in Shropshire, on the north-west 
flank of the coal-field of Coalbrook 
Dale ; and which must have taken 
place after the accumulation of the 
Silurian strata, as the latter were 
evidently thrown into inclined 
positions before the carboniferous 
were deposited.* At a subsequent 
period, and long after this con- 
solidation, the coal-measures were 
in their turn pierced and traversed 
by other intruded masses of ig- 
neous rock, difiering in mineral matter, but erupted in 
contiguous lines of fissure, parallel to that of the Wrekin. 

• The erupted trap forming Barrow Hill (ante, p. 686) is another 
instructive example of this phenomenon. 
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\ 15. THE WHEKLIN. t?fi 

The Wrekin is an elliptical hill, about ft mile and a 
quarter long, its highest summit being 1,820 feet above the 
level of the sea. It is composed of igneous rocks, having 
on its flanks various members of the Silurian and Carbon- 
iferous systems, as shown in the section, Li^n. 175» The 
sedimentary deposits within the influence of the erupted 
volcanic rocks have undergone considerable alteration \ the 
sandstone being changed into granular quartz rock, much of 
■which is pure white quarts!, with particles of decomposed 
felspar: in some places this rock becomes a brecciated 
aggregate. 

These igneous masses are various modifications of pink 
and deep red syenite, consisting of compact felspar with 
white quartz, and disseminated chlorite : in some parts the 
mass is made up of felspar with green earth and veins of 
carbonate of lime. To the Bouth-eust of the Wrekin, bosses 
of a basaltic green-stone, of irregular shape^ appear around 
the village of Little Wenlock {Li^n, 175). 

The invaluable work to which I am indebted for most of 
the interesting facts thus briefly noticed^ should be referred 
to for full details of the geological atructure and relations of 
the deposits under review* The eminent author considers 
this district of Shropshire as affording unequivocal evidence 
of the alternate activity and repose of volcanic action, during 
very long periods in the palaeozoic ages ; and that the fol- 
lowing sequence of geological events is clearly established : 

1, that volcanic grits were formed during the deposition 
of the Lower Silurian strata ; — 2j the Upper Silurian rocks 
and Devonian sandstone were accumulated tranquilly, with- 
out a trace of contemporaneous eruptions : — 3, after their 
consolidation, the last-mentioned deposits were dismem- 
bered, and set upon their edges by vast outbursts of 
intrusive trap : — 4, the Carboniferous system was deposited 
after the older strata were upheaved: and 5, that sub- 
sequent dislocations J including some of the most violent 
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with which we are acquainted, took place after the deposition 
P^ ^ of the coal measures and Triassic 

sandstone.* •^ 

16. The Maxtebn Hills.— 
In Worcestershire, the different 
members of the Silurian system 
are well developed, and though 
occupying a narrower zone than in 
Shropshire, constitute a continnous 
band for a distance of between 
twenty and thirty miles ; viz. from 
the northern end of the Abberley 
HOls, to the southern extremity of 
2 the Malvems ; " and though the 
^ strata are dislocated^ and even 
<^ through a course of four miles en- 
S tirely reversedf yet they maintain 
a prevalent inclination to the west, 
and dip beneath the Old Red-sand- 
stone of Herefordshire, Emerging 
through the Silurian deposits, and 
forming a buttress on their eastern 
flank, are certain igneous rocks, 
which, in the Abberley Hills, pro- 
trude only at intervals through 
the dislocated strata, but in the 
Malverns constitute a narrow ridge 

^ j^ . of syenite, rising to some height 

a; t> " 

* Silurian System, p. 235. It would be foreign to the object of 
these Lectures to enter more fully on the highly interesting phenomena 
presented by those districts in Staffordshire, Shropshire, Worcester- 
shire, and Pembrokeshire, which have been the theatre of submarine 
volcanic eruptions, as proved by the ridges and protrusions of igneoQs 
rocks; but I would fain hope that the intelligent reader mi^ be 
induced, from what has been stated, to refer to the " Silurian System " 
of Sir R. Murchison, which contains a lucid account of the facts thtis 
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above the SiluriaB deposits;"* as repreaeoted in Liffiu 
176, 177. 

Tlie Malyern Hills are situated in the south- western 
part of Worcestershire, and consist of an uninterrupted 
chain about nine miles long, and two wide, the highest 
summits attaining an altitude of nearly 1,500 feet. This 
outlincj when viewed from a, distance, as for example, from 
the heights above Cheltenliam, is very striking^ and charac- 
teristic of their geological structure. The three highest 
points are the Herefordshire and Worcestershire beacons, 
and North Hill {Li^n, I76)j formed bj the protruded ay- 
enitic rock^j which are the nucleus of this mountain range. t 
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LiGV. 1?7.— SECTKJy OF IMlE MaLVEXN Ht£.Ljl. 

{SiL Stjtf. pLU, part o//j. SO 

In passing from Herefordshire to Worcestershire^ in 
a line from west to east (see Ligth 176), the Devonian 
or Old Red strata first up pear, and are succeeded Uj the 
upper Silurian, viz. the Ludlow and Wenlock deposits: 
next follow beds of Caradoc sandstone, and we then arrive 
at the protruded peats of igneous rock, and desceod 
over triassic strata to the plains of Worcestershire. THie 
relative pesition of the rocks and strata is shown in the 
annexed diagrams {Ligm. 176j 177). The entire succes- 
sion of the Silurian series, between the Syenite of th^ 

imperfectly noticed, illuMtrated by Mghlj picttue«qae geological 
sketches, and seetionH. 

* Silurian System, p. 410. 

+ A very in le resting memoif on the mineFalogy of the Malvern 
Hillrt, by Leoiiartl Horner, Eisq., waiS publiidicd in vol. i- of the GeiiL 
TritnEi,p. 28 1< 
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Malvems and the Old Red-sandstone, is beautifully exposed 
in a transverse section from Midsummer Hill to Ledbury. 

But there is one feature in the geology of the Malvern 
Hills that demands particular notice. The Silurian strata 
in immediate contact with the Syenite (as, for example, near 
Mathon Lodge) are partly bent back, as shown in the 
section, Lign. 176, in which the Wenlock limestone (3), is 
seen removed from the syenite, and unaffected ; while the 
Caradoc limestone and grit (4), are overturned, and dip in 
an opposite direction.* 

In the Abberley Hills, the same phenomenon appears in 
a more striking point of view ; and through a range of four 
or five miles, the Devonian, Ludlow, and Wenlock strata 
are completely inverted, the newer formations being over- 
laid by the older, ** and so symmetrical is this retroversion 
in some parts, that any geologist, who had not previously 
made himself acquainted with the true order of super- 
position, would naturally conceive the Wenlock limestone 
to be younger than the Ludlow rock, and the latter of newer 
origin than the Old Red-sandstone." f 

The Lickey Hills, which are situated about three miles 
from the southern extremity of the Dudley coal-field, and 
consist of a narrow ridge of quartz rocks, about three miles 
in length, and four or five hundred feet high, are referred 
by Sir R. I. Murchison to the Caradoc sandstone ; a lower 
zone of the Silurian system than is apparent in any other 
part of this district. As in the case of the altered sand- 
stones on the flanks of the Wrekin {ante, p. 772), the 
quartz rock of the Lickey gradually passes into a fossil- 
iferous sandstone, full of the characteristic organic remains 
of the Caradoc strata.} A mass of trap, being the pro- 

* See Plate 36, of Sil. Syst. f Sil. Sys. p. 420, 421. 

X The quartz pebbles, so largely distributed over this part of Eng- 
land, and extending into the valley of the Thames, are waterwom 
fragments of the rocks composing this ridge ; see ante, p. 212. 
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longation of that of the Cleat and Abberley Hills, forms 
the nucleus of the ridge, and appears in the point caUed 
Lickey Beacon, on the northern end of the Eromsgrove 
Lickey Hills, which consist, in great part, of triassic strata,* 

The Valley of Woolhope, which lies to the west of the 
southern extremity of the Malverns, about three or four 
miles from Hereford, is a remarkable inetanee of what 
geologists term a valley of elevation ; being a dome -shaped 
protrusion of Silurian rocks through the Itevouian deposits, 
of which the surrounding region consists. This elevated 
mass of strata is of an oval form, being six miles long, 
and four wide. Within this area, the strata of the three 
upper Silurian series are thrown up into concentric and 
conformable masses, each dipping outwards from a com- 
mon centre, and the whole passing beneath the Old Red- 
sandstone. The central nucleus consists of quartaiose 
grits belonging to the Caradoc sandstone group* The 
trenches surrounding the eentrid mass have been produced 
by the degradation of the more perishable beds, and the 
denudation of the harder rocks,")' 

I must not conclude this brief sketch of the geological 
phenomena of the Britisli Silurian system, without men- 
tioning that evidences of suh-aerial volcanoes have been 
discovered by Sir H. De la Beche, in Worcestershire and 
Pembrokeshire. During the period when the Llandeilo 
flags and their equivalents were accumulated over the area 
extending from the Malverns to Pembrokeshire, volcanic 
vents existed, whence molten matter and ashes were ejected, 
and became intermingled with the detrital accumulations 
of the period. The volcanic ashes were mixed up with the 
gravels and sands that are now in the state of conglo- 
merates and sandstones, and accumulated in beds that are 
interstratified with the mud and sand* These igneous 

* Silurian System, p. 493. \ Ibid. chap, ixii, p. 42S. 
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products were erupted prior to the granite of those r^ions. 
Even in the Devonian strata near Tavistock, and in South 
Devon, volcanic ash is intermingled with the argillaceous 
slates and limestones.* 

17. Silurian strata op Europe and America. — ^From 
the short period that has elapsed since the establishment of 
the Silurian System, it is scarcely possible accurately to deter- 
mine the position of all the foreign sedimentary deposits, for- 
merly known to geologists by the general term of Transition 
rocks ; but so far as recent observations have ascertained 
the characters and relations of the most ancient fossiliferoos 
strata on the Continent, they are all referable to the same 
geological period as the Silurian formations of England. . 

In France the oldest palaeozoic rocks are unquestionably 
Silurian. In Bohemia, and around Prague, similar strata 
are largely developed, and abound in trilobites, and oth^ 
characteristic fossils. f 

Throughout Scandinavia crystalline rocks occupy the 
surface of the country to a vast extent, and are covered in 
many places by sedimentary strata containing Silurian 
fossils. In Christ iania. Lower Silurian deposits occupy a 
long trough of primary rocks ; and the little islands in the 
Bay contain Upper Silurian strata. J 

Throughout a large part of the province of Skaraborg, 
in the south of Sweden, the Silurian strata are perfectly 
horizontal; the different subordinate formations of sand- 
stone, shale, and limestone, occurring at corresponding 
heights, in hills many leagues distant from each other, with 
the same mineral characters and organic remains. It is 
clear that they have never been disturbed since the time 

* Memoirs of the Geological Survey of Great Britain. 

t Barrande, on the Silurian System of Bohemia. See Geological 
Journal, vol. iii. part ii. 

t See Sir R. I. Murchison's Memoir on the Geology of Sweden, in 
Geological Journal, vol. iiL part i. 
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of their deposition, except hj such gradual movemeiitB as 
those by which large areas in Sweden and Greenland are 
now slowly and insensibly riaing above, or sinking below, 
their former level.* 

In Russia, the lower division of the Silurian system is 
characterized, as elsewhere j by the abundance of Orthes, 
Leptsenae, and other brachiopodous ahella, Orthoceratites, 
and Trilobites ; and the upper, by large masses of corals^ 
especially of Favoaites, Cateniporaj &c. ; and the Devonian 
strata teem with remains of the typical species of fishes, and 
Spirifers, LeptaenfCj and Serpnhe (atite^ p, 757), Through- 
out the immense extent of Central Eussia, forming nearly 
one-half of the Eoropean continent, there are no intrusions 
of igneous rocks ; and the whole of the deposits, from the 
lowermost to the uppermost, are but little alt^^red, and in 
many instances are nnsolidilied ; yet each group coiitaiua 
the same characteristic organic remains as in England. 
But in the Ural mountains and Siberia, the formations 
of the same age are thrown up into mural masses, broken 
into fragments, impregnated with mineral matter, and 
exhibit every variety of met amorphic aetion. Yet a 
clear distinction may nevertheless be drawn between these 

* Mr. Lyell's Elements of GNiologyi vdL li. p. 175. On these phe- 
nomena Mr. Lyell tlnia eomiu^nta :— ** Tlieae facts are Tery important, 
as the more ancient TOcka arc uBnally mijch disturbed, and horiaon- 
tality is a common charniitcr of the newer iitrata. Similar exceptions, 
however, occur in regard to the more modem or tertiary formations, 
which, in some placca, as in the Alpi*, are not only vertical, hut in a 
reversed position. These appearanccB accord best with the theory 
which teaches, that, at all periods, eome parU of the earth's crust have 
been convulsed by violent movementH^ which have Lefin Bometimea 
continued so longj or 30 often repeated, that the derangement has 
become excessive : while other apaces havo CKcaped again and again, 
and have never once been visited by the same kind of movements 
Had paroxysmal convulisions ever nutated simultaneously the entire 
crust of the earth, a& some have imagined, the most ancient fo^ll- 
iferous strata would nowhere have remaiued li<irizontal7 — IhicL p. 176* 
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pseudo-igneous masses and the true ancient primary rocks 
on which the Silurian strata of Scandinavia rest.* 

In North America a similar succession prevails ; and we 
have thus proof that the modification, extinction, and 
renewal of species, are attributable neither to the altera- 
tion in the course of currents, nor to the elevations or 
depressions of the ocean-bed, nor to other more or less 
local causes, but depend on some general laws which 
govern the entire animal kingdom. It is, too, most remark- 
able, that in Russia where the deposits have gone on 
through immense periods without interruption, there are 
few species which pass from one system into another. 

The Silurian system of North America is divided, as in 
England, into two groups, which are thus named : — 

{Hamilton series. 
HUderberg series. 
Onandaga Salt group 
Niagara and Clinton group. 

{Hudson river, Utica, &c. 
Trenton limestone. 
Potsdam sandstone. 

Silurian strata constitute the grand ranges of the Alle- 

ghanies ; they appear at the Falls of Niagara, and in the 

. Canadas and Nova Scotia, resting on gneiss and granitic 

rocks, like the equivalent deposits in Scandinavia. The 

White Mountains of America are altered Silurian rocks-f 

18. Fossils of the Silurian system. — The remains 
of upwards of 800 species of animals have been discovered 

* " Whilst Siberia and the Urals were above the waters, Eussia in 
Europe must have been beneath them; a conclusion which seems 
necessary in order to render explicable upon rational grounds the 
phenomena of the great Scandinavian drift, by which all the low 
countries of the north have been covered by boulders and fEur-trans- 
ported materials ." — Geology of Btissia, 

f The admirable Geological State Surveys of North America^ by 
Professors Hitchcock, Eogers, Hall, &c. contain full particulars of the 
palsBozoic strata and their organic remains. 
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in the Silurian deposits, and of theaa, one hundred are 
also present in the Devonian formation ; but only fif- 
teen species are common to the whole palaeozoic epochj 
and not one is known in any of the newer deposits. These 
remains almost exclusively belong to the iovertehrata, the 
relics of fishes being comparatively rare ; the large develop- 
ment of this class of verteb rated animals in the Devonian 
strata above, is a remarkable zoological character of that 
epoch, for the general forms of the Silurian fauna, with 
this exception, are also found in that system. 

Vegetables. — In England, and on the ContiDent of Europe, 
imperfect traces of Facoidi are the only vegetable remains 
hitherto observed in strata older than the Devonian j nor 
has any coal or carbonaceous matter been discovered, except 
small nests of culm or anthracite. The most ancient shalea 
and sandstones of Scandinavia and Russia contain fuci 
only, and these rocks are considered by Sir R, Murchison 
as forming the limit where the phenomena of organization 
stop.* For as these lowermost Silurian deposits with 
fucoids, rest upon pre-existing crystalline rocks without 
fossils, it has been asj^umed that they indicate the first 
appearance of organic creation : an inference which, in the 
present state of our knowledge, is in my opinion wholly 
inadmissible. 

Mr. Lyell, with his accustomed sagacity, has talcen a 
more just and comprehensive view of this question. He 
observes,! that from the absence of all terrestrial vegetation 
and fresh-water shells, it has been inferred that but a small 
extent of dry land, if any, existed at the Silurian epoch, 
" But if we colour on a map of the globe those spots over 
which the Silurian strata have been hitherto traced, and 
consider the insignificance of their extent in comparison 
with the surface of our planet, we shall instantly perceive 

* Geology of Russia. f Elementa of Geolofy, voL ii. p. 172. 
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the rashness of such generalizations." But though the 
Silurian strata in Europe contain no vegetables but 
fucoids, and these also abound in the equivalent deposits 
in North America,* yet we have undoubted evidence that 
in the " Hamilton group" of the United States — a series of 
beds that corresponds in many of its fossils with the Lud- 
low rocks of England — plants allied to the common carbo- 
niferous type, as for example the LepidodendrUy are 
abundant ; and in the lowest Devonian strata of New York, 
the same plants occur associated with ferns.t 

Mr. Lyell also remarks, that as there is every reason to 
conclude that the Silurian deposits were generally formed 
far from land, this circumstance would alone explain the 
extreme scarcity of terrestrial plants. The observations of 
Professor E. Forbes on the physical conditions under 
which the Silurian strata were deposited, tend to confirm 
this opinion. This profound observer infers that the 
Silurian seas, in those areas hitherto examined, were at 
first very deep and tranquil, and afterwards that certain 
areas became shallower, either from the accumulation of 
detritus, or the partial elevation of the sea-bottom ; and 
this opinion is based upon the following data, namely^ the 
small size of most of the conchifera — the paucity of spiral 
univalve shells — the great number of floating mollusca, 
such as the Bellerophon {Medals, p. 476), Orthoceras 
(Medals, p. 484), &c. — ^the abundance of brachiopodous 
shells {SpirifeTy Leptcena, Orthis, &c.) — ^the extreme rarity 
of the remains of fishes — the deep-water forms of most of 
the fucoids — and lastly, the absence of terrestrial plants.^ 

19. Silurian Zoophytes and Mollusca. — The fossil 
corals, crinoidea, and shells, in many of the Silurian rocks, 
are so numerous, and comprise so many interesting forms, 

* See Medals of Creation, p. 105. 

t Mr. LyelFs Travels in America. X Ihid. p. 67. 
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that a reference to works expressly devoted, to tLe subject 
can alone convey an axicurate idea of this first j and most 
ancient, fauna of our pknet, of which any vestiges have 
hitherto been obtained.* 

Of the corals J the Catenipora or chain-coral {ante^ p, 644), 
Cyathophylluvi (p. G41)j Astr^fia, aad many large species 
of Porites, Strombodes^ &c, are among the prevalent 
forms : and are often aggregated and cemente<l together 
into large masses of limestone^ on the surface of which the 
stars or cells of the corals appear in relief. The slabs 
of Dudley limestone, embossed with these fossils, must be 
familiar to every intelligent observer. 

The OraptoliteiSt which are extinct zoophytes allied to the 
JPenrtatulcB,^ and TentacuUtes^ appear throughout these 
deposits, especially in the lowermost* They occur in the 
equivalent strata of Sweden, Norway, Russia, and North 
America. 

The Crinoidea consist of several genera, as Ci/athocrinus, 
Actinocrinm^ JlT/pantftocrifiuStt ^c- which also abound in 
the upper palaeozoic deposits ; and some that are peculiar, 
as EchinospkmHtm^ and the familj of CysiidEm {ante^ 
p. 656), that includes several genera, which, according to the 
observations of M.Von Buchj are only known in the Silurian 
system. 

Molhisca. Of the simple bivalves, species of Arca^ 
Cardiola, Cardium, 31 od tola, Myiilu^y Nucuhi and Avi- 
cula, are met with ; proving that these genera, which now 

* The beautiful and accurate plates Ijy Mr, Scharf, in Sir R Mut^ 
chison's Silurian Syatcm, contain representationfi of a large pr?>portion 
of the British species. Many arc figured in the Geol. TmuBjictionaj and 
in the Palaeontological Jourmilj iind in Sowerhy'R Mineral Conchology : 
and in Profesa&r PhiUipa' Fibres and DcBcnptiona of the Paheozoic 
Fossils of Comwallj Devon, and West SomeiBet 

t Medals of Crcati(>n, p. 290 ^ 

X A heautiful new species of tMa gonn& from the Wenlock limestone 
of Walsall, is figured in the London Geological Journal, pL 21, 




786 THE WONDERS OP GEOLOGY. L»ci. VUI. 

swarm in our seas, also existed in the most remote pmods 
of which we have any traces of organic life. 

Species of the living genus Chiton, have recentlj been 
found in the Silurian rocks of Ireland.* 

But it is the brachiopodous moUusca, that constituted 
the great mass of the population of the Silurian seas^ and 
were rivalled only in numbers and variety by the ex- 
tinct crustaceans, the Trilobites. The ancient types, as 
Atryj)a, Calceola, Leplcena^i Pentamerus, and Sptrifer, 
are associated with species of Lingula, Orthis, and Tere- 
bratula, — genera which still exist. Twenty-five species 
of Terebratula, and thirty-eight species of Orthis, and 
seven of Lingula, have been obtained from the British 
strata alone. 

The Potsdam sandstone, the most ancient fossiliferous 
rock of New York, is in many places divided into laminae 
by the remains of innumerable shells of the genus Lingula. 
They are in such profusion as to form black seams like 
mica, and are accompanied with another small placunoid 
shell, which is also associated with a small species of Lin- 
gula in the lowest beds of the English Silurian series in 
Brecknockshire. Here, then, in the most ancient term of 
organic life is a shell belonging to a genus not extinct, and 
very like a species still living.J 

In fact, throughout the palasozoic deposits the brachiopo- 
dous mollusca abound ; and hence we may infer the immense 
development of this family in the ancient seas. Nearly 
half the Silurian shells figured by Sir R. I. Murchison in 
his Geology of Russia, belong to brachiopoda. The genera 
Orthis, Spirifer, Lept«na, &c. are the most common forms 

* See a notice of a fossil Chiton from the Silurian rocks of Ireland, 
by Mr. Salter, Geological Journal, voL iii p. 48. 

t Three species of Lepteena have recently been discovered in the 
Lias of France. 

X Mr. Lyell's Travels in America, p. 157. 
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in the oldest deposits ; but a bra«liiopodoiia sliell witii free 
valves, and without an artieulated hinge, is the lowennost 
term of animal life, according to our present palseontological 
knowledge. A species of UnguUte or Obolus (a small 
orbicular horny shell) occurs m the inferior limita of the 
fossiliferous deposits in Russia and Europe ;* occupying the 
same geological position as the Liogulse, in the American 
and Silurian beds above cited. 

Of the pteropodous mollusca,f there are several species 
belonging to two genera, named Cofmlariay and OreMu.'l 

20. SiLUBiAN Gasteropoda and Cephalopoda. — Of 
the Gasteropoda or simple univalve moUusca, the Muoin- 
phalus {antCy p. 736) appears to be the most ancient type^ 
and several species are common both in the Silurian and 
Devonian formations ; but these are associated with sbell» 
of the existing genera of Turbo, Tumtella, Trockus^ Pleu- 
rotomaria, and Naika. 

Cephalopoda. The cephalopodous mollusca are repre- 
sented in the Silurian deposits by several genera, of which 
the Orthoceras, and allied forms j are the most nume- 
rous and characteristic. Gomatites and Belkropkoriy so 
frequent in the Devonian and Carboniterous forraations, 
though present, are comparatively rare. Of the Ortho- 
cerata upwards of thirty species of the genua Orthoceras 
have been obtained from the British strata. The Actinc^ 
ceras, distinguished from the former by the remarkable 
structure of the siphunculusj the tube of which is sur- 
rounded by verticillate processeSj has hitherto been observed 
in the Silurian deposits only, occurring in the limestone of 
Lake Huron, and in that of Ireland.f 

* Geology of Russia, vol, ii. p. 292. 
f Medals of Creation, p . 367. 

X Quarterly Geological Journal, vol. i. p. 146, oontaini & notice on 
some fossil species of 6We^, by Profeeior Forl)ea. 
§ See Mr. Lyell's Elements &f Geology, p. 174, 
VOL. n. 3 P 
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Some specimens of Orthoceras attain a large size, being 
nearly three feet in length, and having seventy septa. 

The Lituites, another modification of this family, bearing 
a general resemblance in form to the shell of the recent 
Spirula, are also found in this formation.* 

21. Silurian Annelides and Crustaceans. — The 
class of articulated animals termed Annelida^ consisting of 
worms with bodies formed of rings or annular segments, 
and having red blood, of which the Earth-worm and Leech 
are familiar examples of the naked forms, and the Serpulae 
of those protected by shells, traces occur in the Silurian 
deposits: and of the naked, flexible, soft-bodied marine 
worms, the Nereis and the Oordius^ the distinct imprints 
of several species have been discovered on the surface 
of the limestones, t 

Trilohites,% But the most extraordinary feature in the 
Silurian fauna, is the abundance and variety of a peculiar 
family of Crustaceans, of which there are no living repre- 
sentatives, and which is restVicted to the palsBOzoic for- 
mations, and almost exclusively to the most ancient fossili- 
ferous deposits; for while the Silurian rocks teem with 
the relics of hundreds of species, but few, comparatively, 
occur in the Devonian and Carboniferous ; while the pre- 
valent modern forms of Crustaceans, the Lobsters, Crabs, 
&c. are entirely absent. 

* Some Orthoceratites from the blue marlite of Cincinnati, are par- 
tially surrounded by an oval bilobed body, twice the diameter of the 
enclosed shell ; and which is supposed by Mr. I. G. Anthony, who first 
observed these fossils, to be the soft parts of the animal ; but in the 
specimens sent to the Geological Society of London, these bodies 
appear to be extraneous, and to have no organic connexion with the 
Orthoceratites. Specimens are figured in the Quarterly Geological 
Journal, vol. iii. p. 266. 

f Medals of Creation, p. 623. 

X Trilobites, signifying three-lobed, from the general form of the 
carapace, or shell. 
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These remarkable crustaceans, wlncli constituted the 
great mass of the population of the palseozoic seas, have the 
body protect<hd by a strong dorsal case or shell composed 
of numerona annijhir segments, or arches, and which is 
generally divided into three lobe^ by two longitudinal 
furrows or depresaiona. The head and abdomen are each 
covered hy a single piece. The eyes of most of the genera 
are very large and reticulated, consisting of numerous dis- 
tinct facets or lenses, as in other crustaceans, and are 
implanted on the cephalic buckler. No traces of pats, feet, 
or swiramersj have been detected, and it is therefore sup- 




Li<mS. U^.^TRiLuan'R ik Silo ri ah MMftTditts^ fkqm DuDLttT, 

posed that these appendages were composed of a soft and 
perishable subs tan ce4 

* Caltjwene, signifying concealed : in aHasioii to the non-disisoTerjr 
of legs or antenniB. 
t Conftnlt Medals of Creation, ftp. 552-5^6, 
3 F 2 
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One of the most common species of Trilobite is that 
known as the Dudley fossil Locusty and which has long 
attracted the attention of collectors;* this crustacean is 
found either attached by the under surface to the rock, aa 
in lAgn, 178, or coiled up like an Oniscus, or wood-louscf 
The Trilobites vary exceedingly in form and magnitude i 
some species not exceeding a few lines, while others are 
eighteen or twenty inches in length. Some kinds, as the 
Calymene, could coil themselves into a ball like the mille- 
pedes; while others had the central segments alone move- 
able, as in Asaphtcs {Lign. 179) ; and many have a tail, or 
post-abdomen (Lign. 180). In some species this tail is 





LiGK. 179.— TVBERCULATED TRILOBITE, LIOV. 180.— AbAPHUS CAUDATUf, 

FROM Dudley. vroh Ditdlet. 

{Asaphuat tuberculattu,) 

a styliform process, as in the recent Limulus, and thrice as 
long as the body. In the Silurian limestones of North 
America, a gigantic trilobite, named IsoteluSy from both 
extremities of the body having a similar contour, is often 

* This Trilobite was figured and described by Lhwyd, in 1698. 
Medals of Creation, p. 553, fig. 4. 
Asaphv>8, signifying obscure. 
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met with ; the detached jsegments of which might easily be 
mistaken for remains of Chelonian reptiles.* The body is 
of ail oval shape, and the posterior angles of the head are 
rounded : the thorax is composed of eight seo;ment3. 

A remarkable kind of Trilobite occurs in the Ludlow 
limestone, and has been named Homalonotus {Lign, 181) 
by Mr. Konig, from the almost entire absence of the lat-eral 
furrows. The surface is scabrous, and the thoracic portion of 




Liey. ItH.— Trilobite fadh the Li?DLtiw hckiks. 
{Hofnaiun^tun delfihitiocfphaluM ,* redaeed from PL FII. SlL Stftt.) 

the carapace, which is but obscurely lobed, conaiata of thirteen 
segments ; the abdominal region is distinct from the thoracic, 
and formed of nine rings : it teiminates in a prolonged point. 
In the late work of an eminent naturalist^ M. Barmeisterj| 
the trilobites are arranged under fifty geoera^ comprising 
250 species; many of the species named by former ob- 
servera being grouped together^ from their proving to be 
the same animal a in various states of metamorphosis. The 

* Dr, John Locke^ of the Medical College, Ohio, who first developed 
the Htmcture of this gigantie Trilobite, has obliged me with speclmenB 
that leave no doubt i^ to the fidelity of bia model of the perlbcfc form 
of the origiiml, of wMch there i» a specimen in the Britii^h Maseum, 
nearly two foot in length. 

j Die Organisation der Trilobiten : Berlin, 1843. 
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Trilobites are supposed by M. Burmeister to have inhabited 
deep water, near the sea-coasts, to have swam with facility, 
and with the back undermost. As no traces of l^s have 
been discovered, it is probable that they possessed soft 
perishable paddles, bearing branchiae. Their food consisted 
of marine animalcules; they were gregarious, grouping toge- 
ther in innumerable multitudes. Like other articulata, they 
' cast their shells or cases ; hence the abundance of their exu- 
viae. Mr. Burmeister is of opinion that they were most nearly 
allied to the existing family of crustaceans, the PhyUopoda, 

The geological distribution of the different genera of 
Trilobites in the subdivisions of the Silurian system, though 
presenting some anomalies, is considered by Sir B. Mur- 
chison as well defined. According to this eminent geologist, 
the Homahnotus is characteristic of the highest zone, or 
Ludlow rocks, being most abundant in the Wenlock and 
Ludlow limestones: the Calymene ranges through those 
deposits, but is particularly abundant only in the lower 
limestones, beneath which it has not been observed. The 
Asafhus caudatus QiLteadiS from the Ludlow rock to the base 
of the Wenlock formation : both these forms are, therefore, 
characteristic of the Upper SUurian. Li the Lower Silurian 
the genera Trinucleus,* Agnostu8,t and Ogygia,J are the 
prevailing organisms of this class. § 

22. Visual Organs op the Trilobites. — The eyes of 
the Trilobites resembled in structure those of crustaceans 
and insects, which are composed of a vast number of elon- 
gated cones, each having a crystalline lens, pupil, and cornea, 
and terminating on the extremity of the optic nerve. Each 
organ of sight is, therefore, a compound instrument, made 

* Medals of Creation, p. 658. A memoir. On the Structure of the 
Trinucleu8f by Mr. Salter, is published in Geol. Journal, vol. iii. p. 261. 

t Ibid. p. 665. X Ibid. p. 669. 

§ See, On the Geological Distribution of Fossil Crustaceans: 
Medals of Creation, p. 663. 
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up of a series of optical tubes, or telescopes, the number of 
which in some insects is quite marvellous, Thua^ each eye 
of the common house-fly h composed of eight thousand 
distinct visual tubes ; thut of the dragoii-flj, of nearly 
thirteen thousand ; and of a butterfly, of seventeen thousand. 
Tfiat any traces should remain of the visual organs of 
animals which existed at so remote a period seems at first 
incredible ; but there are no limits to the wonders which 
Geology unfolds to ns * The Trilobitei, like the Limulus, 
was furnished with two compound eyes, each being the 
frustrum of a eonej but incomplete on that side which is 
opposite to the other. In the Asaphus {Lfgn, 179), four 
hundred spherical lenses have been detected in each eye i 
but in general the lenses have fallen out, as often happens 
after death in t!ie eyes of the common lobster, " Thug," 
observes Dr. Buckland, " we find in the trilobites of these 
early rocks, the same modifications of the organ of sight as 
in the living crustaceans* The same kind of instrument 
was also employed in the intermediate periods of our 
geological history, when the secondary strata were de- 
posited at the bottom of a sea inhabited by LirauU {ajite^ 
p. 738), in those regions of Europe which now form the 
elevated plains of central Germany. But these results are 
not confined to phy Biology : they prove also the ancient 
condition of the seas and atmosphere^ and the relation of 
both these media to light. For in those remote epochs, the 
marine animals were furnished with instruments of vision 
in which the minute optical adaptations were the same as 

* The structure of the eye of the Triloljite was, I believo, ftrel 
noticed by that accurate observer, j^lr, Martin, the author of Petri/. 
Derbiensia. In tlio Trork of my friend, M, Brongniart {ITiMoire 
Naturelle des Crusta^e^ Fosmles, par A . Bronfjniart et G. A . De^naresl, 
1 vol. 4to. with Eleven Platefl, Paris, 1822), the eye of the Trilohite m 
beautifully represented* In Dr* Buckland's Bridge water Eeaay, the 
subject is ably elut^Idatod^ and placed before the reader in a striking 
point of view. 
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those which now impart the perception of light to the living 
Crustacea. The mutual relations of light to the eye, and of 
the eye to lights were, therefore, the same at the time when 
crustaceans first existed in the bottom of the Silurian seas, 
as at the present moment."* 

23. Fishes op the Silurian System. — Of vertebrated 
animals, the relics of a few species of fishes belonging to five 
or six genera of the placoid order {ante, p. 340), are the only 
vestiges hitherto obtained from the immense series of strata 
composing the Silurian system. Even imprints of the feet 
of a higher order of animals, Reptiles, of which the carbon- 
iferous rocks afforded indications, are altogether wanting in 
these most ancient fossiliferous deposits. Until lately, 
Ichthyolites were only known in the upper Silurian ; but I 
learn from Sir R. Murchison, that the same species of 
Cestracion {Onchm Murchisoni) that occurs in the upper, 
has recently been found in the lower deposits : the same 
general organic type, therefore, prevails throughout the 
system. 

These ichthyolites consist of teeth, portions of the skin tr 
shagreen, and dorsal rays or spines, of fishes of small size.t 
They have chiefly been found in the upper Ludlow rocks, 
in which there is a bone-bed, a few inches thick, almoat 
wholly made up of animal detritus, consisting of the scales, 
teeth, fin-bones, coprolites, &c. of small fishes: this deposit 
resembles the bone-bed at the base of the Lias in Somerset- 
shire {ante, p. 529). In the Wenlock . shale, numerous 
teeth and fin-bones of fishes of the Cestracion family have 
been discovered. 

24. The Cumbrian or Schistose System. — The 
Silurian system is succeeded by a vast series of strata of a 
slaty character, which are destitute of any distinct assem- 
blage of organic remains, although fossils occur in some of 
the uppermost rocks. These deposits extend over a great 

* Bridgewater Essay. f See PI. IV. of Silurian SystenL 
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part of Cumberland, ^Westmoreland, and LaBcnshire, reach- 
ing to elevations of three thouaand feet, and giving rise to 
the grand scenery of the Lakes and of North Wales. 
Similar strata flank the Grampians, and the range of 
Lammermuir, and occur in Argyle shire, and in the west of 
Scotland Schistose rocks, referable to the Silurian and 
Cumbrian systems, extend through the country from the 
sea-coast of Wigton washed by the Iriah sea, ovttr Dum- 
friesshire and Berwickshire, to the North Sea beyond 
Berwick-upon-Tweed; being flanked here and there by 
Devonian deposits. In the Shetland Isles, which, with this 
exception, consist of primary rocks, the southern pro- 
longation is made up of slaty depositSj bordered by Old 
Eed strata. 

The coast of Ireland, opposite to that of Wales and 
Cumberland, is formed by Silurian and Cumbrian atrato, 
which spread over Wexford, and part of Water ford and 
Wicklow ; an enormous intrusion of igneous rocks rising 
up in Carlow, and reaching to the shore of Dublin Bay, at 
Kingstown. From Drogheda Bay to Belfast Lough similar 
deposits appear, covering a great portion of Armagh, Mo- 
naghan, and Louth ; the whole sinking westward beneath 
the vast region of mountain limestone, which occupies 
more than one-half the entire area of Ireland.* 

Wales may be described as a grand slate formation, with 
a considerable expansion of indurated conglomerate or 
Greywacke. In Cliarnwood Forest | slate rocks appear 
beneath the triassic strata, and they form a considerable 
part of Anglesea and the Isle of Man* 

* Mr. Knipe's Geological Map of the British Mob presents a coup 
(Tceil of the geographical di.^tribution of these fDnaatLous oyer England, 
Scotland, and Ireland. 

f The Charnwood Forest hillB are ayenitic rocka protruded throii|^h 
schistose strata, before the deposition of the tilaesic Bandstonea and 
clays, which are disposed in horuttatal layen around their ba&Q. See 
Medals of Creation, p. 974. 
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In Cornwall schistose rocks (locally termed kiUas) 
largely predominate, but they are referable to very distinct 
geological epochs ; the newest belonging to the Devonian ; 
the next in age to the Silurian ; while the most ancient, if 
they can be separated from the latter, would rank with 
those of Cumberland. But in the present state of the 
question as to the most natural classification of the oldest 
fossiliferous strata, it is impossible to arrange with precision 
the slate rocks of particular regions. 

The following tabular arrangement explains the relative 
position and characters of the subdivisions of the .Schistose 
strata of the Principality, adopted by Professor Sedgwick : — 

The Cambrian or Slate rocks op North Wales. 

{Commencing unth the uppe'rnioat) 

1. Plynlymmon rocks. — 6reywack6 and slate, with beds of conglo- 

merates. Thickness, several thousand yards. 

2. Bala limestone. — Dark limestone, associated with slate, contain- 

ing a few species of shells and corals. 

3. Snowdon rocks. — Slates, fine-grained, and of variona shades of 

purple, blue, and green. Fine and coarse grauwack6 and con- 
glomerate. A few organic remains. Thickness^ probably 
several thousand yards. 

The upper dark-coloured schists contain a few corals and 
fuci ; and Professor Phillips has discovered in the strata of 
Snowdon two species of corals {Oyatkophyllurn), and six of 
shells belonging to the family of JBrachiojpoda. In the lower 
series, fossils are of rare occurrence ; and in its few species 
of fuci, corals, and shells, we see the last traces of organiza- 
tion, and arrive at the extreme limits of the animal and 
vegetable kingdoms of the ancient world, so far as are cog- 
nizable by organic remains. 

The strata of Cumberland and the Lake districts, form a 
system, which is thus defined by the same eminent philo- 
sopher. 
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Tub Cumbrian Ststem, 

fCi>mmfncififf with Iht (q/permmt) 

1. Uj)per stnte of KendaL'-GTeenhh grey ^&g^Ume», gri^ uid 

slates^ with Upper Ludlow fo^^iiU, 

2. Ireleth A/(?to*.— Cu^rse slatos, flajp, and gr\\«; with cttcwKOOi 

slates and limeatoaes : coiLtammjr Lower Ludlor fqesUa. 
8. Conistoii (irits and jlagdQncM : with Upper Silurmii fipociei of' 
fossils. 

4. Coniston tim^vtone and ^tate, irith Lover Silurian fossik. 

As no asKemblage of organic; remains distinct from thut 
of the Silurian system has been diE" covered, a xonlogieiil 
line of separation cannot be drtiwu between the Silurian 
and Cambrian deposits ; and Sir R. Murohison now elasses 
the whole of the foj^silifcrous slates with the Lower Silurian,; 
employing tlie term Cumhriun to designate certain scliistose 
rocks in the Lake districts^ which are destitute of organic 
remains, and uriderlio the fossiliferous beda in an uneoiH 
formable position. On the other hand^ Professor Sedgwick 
considers the zoological characters both of the Cumbrian 
and C?mibrian groups, as sufficiently distinct from the 
Silurian, to warrant their establishment as a separate sys- 
tem, apart from their mineralogical structure. The dis- 
covery of other peculiar types of organic remains in the 
slate rocks, can alone determine the propriety of their 
separation.* Without presuming to decide upon this ques- 
tion, I shall endeavour to avoid confusion, by using the term 
C/^mbrian to designate the lowermost and most ancient 
slate rocks, in which very few, if any, organic remains have 
been detected, and those only in the uppermost zone ; and 
restrict the name Cambrian to the slate rocks of North 
Wales. 

* The arguments of these eminent geologists in support of their 
respective opinions, are fiiUy stated in Vol. III. part i. of the Quarterly 
Journal of the Geological Society, by Professor Sedgwick, pp. 188 — 
164 ; and by Sir R. Murchison, pp. 165—179. 
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25. Structure op Slate Books. — The fineness of 
grain, general aspect, hardness, and texture of these rocks, 
are too well known, from the universal employment of slste 
for economical purposes, to require particular description. 
The colour usually approaches to blue, grey, green, and a 
dull purple ; and the texture is very fine, although occa- 
sionally the slate passes into sandstone and greywack^ 
The structure is laminated, and the planes of deposition are 
conmionly well marked ; but there are also divisional lines 
called cleavage planes, which traverse the sedimentary, and 
give to these ancient argillaceous rocks a very peculiar 
character. 



^m^iHik 



Lion. 1S2.— Slate bocks at Whitesand bat, kear St. David's, 
Pembrokeshire. 

(The lines of cleavage and stratification coincident.)* 

In some instances, the lines of cleavage are in the same 
plane as those of the strata, as in this section {Lign. 182) ; 
but commonly the cleavage is in a different direction to the 
stratification, the respective lines crossing each other at 
various angles. In the quartzose grit and sandstone of 
Llandovery {Lign. ISS, Jig. 1), and in the skte rocks at 
Whitesand bay, in Pembrokeshire (Jig. 2), the discrepancy 
between the lines of deposition and of cleavage is strongly 
marked. The beds termed grey wacke contain fragments and 
pebbles of clay-slate, and other rocks, and have evidently 
been indurated by high temperature : in proportion as the 
extraneous substances are large or smaU, abundant or 
scanty, the compound rock is termed a gre7wacke-CQn-« 
* Silurian System, p. 399. 
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glomerate, or grejwack^-slate, Mr. BakeweU observes* 
that if the re<i colour were absent in the conglomerates of 
the Old Red-sandstone, those beds would be in every 
respect: t identical with the greywack^ of these lower forma* 
tions, 

1 




tl<>N. 113-— SecTIWK* op SL4TK ROCKS.* 

Fig. 1. SMtlon Ae«r Llajitloterr. euftrtaoaa grit and sandtloac; a, a^ Ijitnlnr of 
depi'Hit^ b, K quartittHcr Vfeicii* Thu ht^hlf locJln^d Uaei m»rk the p1«n4tt iff 
slaty cU'avnpe. 

Fig. 2. Section of slate rocks at Whitesand bay, Pembrokeshire ; the cleavage 
and lines of stratification divergent. 

26. Slate rocks op Shropshire and Cumbebland* 
— It would be irrelevant to our present purpose to 
dwell on the mineralogical peculiarities and geograpldcal 
distribution of strata so widely distributed, and destitute 
of a characteristic type of organic remains ; and I must 
limit my remarks to a few British localities. f It will 

* Silurian System, p. 368, and p. 400. 

t From the interest attached to the islands of New Zealand^ 
in consequence of the peculiarity of their fauna and flora, I am 
induced to add the following general view of their g^logical 
structure in this place ; the grand physical features of the country 
appearing to resemble our European districts of schistose strata with 
intrusive volcanic rocks of ancient and modem date. — " New Zea- 
land forms a group of mountainous islands nearly as large as England 
and Wales ; its geological structure is rendered diflSicult of discorery 
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be sufficient to state that the slate rocks almost universallj 
occur on the flanks of the primary masses, rising up into 
lofty mountain peaks, and dipping beneath the newer sedi- 
mentary deposits: thus Skiddaw, Sea- fell, Coniston-fell, 
and Saddleback in Cumberland, peaks 3,000 feet high, are 
slate rocks thrown up by a central mass of granite. 

The total thickness of the slate system, embracing under 
that name all the deposits which intervene between the 
Lower Silurian and the mica-schist, is much greater than 
that of any other in the geological series, amounting to 
many thousand yards. 

In Shropshire there is a group of the upper Cumbrian 
rocks, unconformable to the overlying Silurian strata, 
having evidently been thrown into highly inclined posi- 
tions before the deposition of the latter. These rocks 
by the primeval forests that fringe the coast, or where these hare been 
destroyed, by impenetrable thickets of esculent fern. The fondamental 
rock is everywhere clay-slate, frequently traversed by greenstone dykes, 
as at Port Nicholson, Queen Charlotte's Sound, and Cloudy Bay. On 
the banks of the rivers Eritonga, Waibo, and along some parts of the 
sea-coast, arc horizontal terraces of boulders of trap-rocks, fifty feet 
high. Anthracite coal crops out in the harbour of Wangama ; and 
there is a seam of the same mineral intercalated in hard grey sandstone 
on the cast coast of the Northern Islands. On the west coast of the 
same, the limestone contains a few shells, Pectcn, Ostrea, Terebratnla^ 
and Spatangus. Veins of copper pyrites occur in the clay slate in the 
great Barrier Island. The coasts are in many places fringed with reoent 
horizontal sediments consisting of loam, with fragments of wood and tree 
ferns, &c. The small rocky islands of trachyte off the coast of the Northeni 
Island, also bear marks of wave-action to the height of 3 00 feet above 
the present sca-lcvcl. In the interior of the Northern Island, there is 
a lofty central group of volcanic mountains, some of the volcanoes being 
still in activity ; the ancient lava streams appear to have been prin- 
cipally erupted from the base of the craters. The highest are Tonga- 
riro 6,000 feet, {ante, p. 98) and Mount Egmont 9,000 feet high. The 
loftiest summits are covered with snow. There are likewise many 
lakes which appear to occupy ancient craters ; and numerous thermal 
mineral springs, and a cold silicifjing stream near Cape Maria."— 
Dr. Dieffenhach, Brit. Assoc. Rep. 1845. 
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form the Langmynd and contiguous ranges of hills* com- 
prising Ratlinghope, Li nicy, PontesfonJ, &c.j and vary in 
height from 1,000 to 1,600 feet The strata consist of 
hard sandstone, grit, schist, and imperiectly consolidated 
slates, which arc piled up in nmral masses, the beds beiog 
either vertical, or in very highly inclined positions.* No 
traces of organic remains have been observed, nor intleod 
could reasonably be expected, from the altore^d conUitioii 
of the strata, produced by the intrusive trap rocks. But 
cupriferous vcina, bitumen, and other minerals, occur in the 
slates and sandstones, throughout the tract included between 
the Longmynd aud the Stiper i^tone^ especially where 
there are contiguous masses of tiap,t Sir R. I. Murchison 
concludes his* interesting accouut of the Longmynd hillts 
with the rcinark, that the stratified rocks are lithologically 
similar to, and probably of the same gec^logical age as the 
so-called greywacke of theLammermuir and other bills in the 
south of Si'oiland. They also con*espond with much of the 
greywackr^ of the north of Ireland, and vvith that of large 
tracts in Somerset and Devoji. 

The Lake district, so well known to the tourist, may be 
described as a circular cluster of mountains, the central 
portion consisting of serrated peaks of schistose rocks, 
thrown into their present position by granite and other igneous 
masses which constitute the true geological centres of the 
mountain groups. The outskirts of this region are chiefly 
formed by carboniferous deposits ; a zone of mountain lime- 
stone appears on the east, north, and south, and the 
western side is bounded by the Irish Sea. 

Within the calcareous zone, are several extensive masses 
of granite, syenite, and porphyry, but the greater part of 
the region is occupied by stratified deposits of a slaty 

• Silurian System, chap. xxi. See the beautiful geological views of 
these mountain ranges. 
f Silurian System, p. 261. 
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texture, which may be subdivided into the four following 
formations, commencing with the lowermost : — 1. Various 
crystalline, slates, resting immediately on the granite of 
Skiddaw Forest, and forming the base of the whole stra- 
tified series. 2. Black glossy clay-slate, sometimes passing 
into greywack^. 3. Green quartzose roofing slate, asso- 
ciated, in every variety of complication, with felspathic 
rocks of porphyritic structure. 4. Greywack^ slate, often 
more or less calcareous, and having subordinate beds pass- 
ing into impure limestone, full of organic remains.* 

The absence of fossils in the older porphjrritic slates, may 
probably be attributable to tlie obliteration of all vestiges 
of organic remains from the high temperature to which 
they have been exposed; or animals may not have been 
capable of living in an ocean exposed to continual incur- 
sions of igneous matter. f But Professor Sedgwick is of 
opinion, that there is a line in the descending series of 
strata in our Island, where organic remains entirely dis- 
appear ; and that this line is by no means co-ordinate with 
mineral changes induced by igneous action. 

27. Keview of THE Silurian and Cumbrlan Sys- 
tems. — In conclusion, I will briefly review the leading 
phenomena which have been brought under our notice in 
the course of this Lecture. 

The strata comprised in the Silurian system, present all 
the usual characters of marine sedimentary deposits. The 
fossils comprise immense numbers of extinct crustaceans, 
and of brachiopodous mollusca, some marine worms> 
and many cephalopoda, crinoidea, and corab ; a few pla- 
coid fishes, are the only vestiges of vertebrated animals ; 
and fucoid plants the sole indications of the vegetable 

* Professor Sedgwick on the Structure of the Cambrian Monntams, 
Geol. Trans, vol. iv. p. 45-68. 

+ Professor Sedgwick on the Structure of large Mineral 
Geol. Trans, vol. iii. p. 469. 




I 27. aEVl£:W OF TBE SILURIAN AND CUMBRIAN SYSTEMS 



kingdom ; not a vestige of any terrestrial animal or plant 
has been discovered. Tbese organic remains belong for 
the most part to peculiar types^ some of which extend 
into the upper palaeozoic formations, but none occur io the 
secondary deposits. 

In the Cumbrian ijystem, we hsYe a vast argillaceoui 
formation, with numerous conglomerates; and from th« 
structure of the entire series, it would appear tliat iifter 
the deposition of the strata by water, the whole had been 
exposed to the long- continued influence of hcat^ by which 
the original sedimentary character was either greatly 
modified, or entirely obliterated. As a few fossils occur 
in the upper part of tbc system, it will probably hereafter 
be found convenient to separate the Silurian from the 
Cumbrian at a lower lei el than the original base line, and 
thus include the fossiliferons strata in the former grand 
division. In accordance with the slaty structure, is the 
prevalence of igneous rocka throughout the Cumbrian 
series ; for granite, porphyry, serpentinej and trap, occur 
not only in veins and dikes, but are also intercalated with 
the strata, as if the melted matter hod been jioured over 
argillaceous sediments at the bottom of the sea, and wae 
covered by succeeding deposits. 

When dikea of basalt or trap traverse or intersect the 
limestones or shales, we find them indurated, and some^ 
times altogether changed in their lithological characters. 
In the slates, the linea of stratification are more or lea» 
manifest, and the rocks have a cleavage^ that is, a tendency 
to split in directions which bear no relation to the lines of 
deposition, as I have already explained (antey p. 798), 
but have resulted from exposure to a high temperature, by 
which the character and arrangement of the constituent 
molecules of the rock have been altered {Lign. 182, 183); 
for a tendency to a similar structure prevails when argil- 
laceous beds are in contact with lava. Where slate 

VOL. n. 3 G 
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rocks have been exposed to a still higher temperature, the 
transmutation is more complete; as for instance, when 
granite has been erupted in a state of fusion among schis- 
tose strata. The metalliferous veins so abundant in the 
slate rocks are either intrusions of mineral matter into 
pre-existing fissures, or sublimations of metallic substances 
into cavities formed in the rock itself during its refrigeration, 
and into which the metal was introduced by segregation. 

In fine, the Silurian and Cumbrian systems afford proofs 
of marine depositions going on through immense periods 
of time in seas inhabited by fishes, crustaceans, crinoi- 
deans, corals, and mollusca, belonging to numerous genera 
and species. For although organic remains prevail only in 
the uppermost or newest system, yet as we have decided 
proof that the lowermost has been subjected to intense 
heat, and that even the lines of stratification are in a 
great measure melted away, it is reasonable to condnde, 
that the absence of fossils is attributable to the obliteration 
of the remains of the animals which lived and died in the 
waters that deposited these schistose rocks. We must, 
however, remember, that the relics which remain are of a 
peculiar type, and altogether different from those of the 
newer secondary formations. 

With the lowest fossiliferous beds of the Silurian and 
Cumbrian systems, we lose all positive evidence of the 
presence of organic beings on the surface of the earth; 
but it would be rash in the extreme therefore, to assume, that 
these most ancient fossils are the relics of the earliest living 
things that tenanted our planet Well has Mr. Lyell 
remarked, that " it is too common a fallacy to fix the era 
of the first creation of each tribe of plants or animals, and 
even of animate beings in general, at the precise point where 
our present retrospective knowledge happens to stop."* 
* Travels in America. 
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phic rocks. 38. ChronoloRy or Mounlaln-chain** 59, Siystems of elevatioiu 10. 
The Great Caledonian Va]]ey. 41. Strtictiitt of Ben Nevis. 42, R^Jtrospect, 43. 
Successive changes in the Organic KinjirdcMiE- 44. Geolofrical effects of Dynamirai 
and chemical action. 45, Slraia. composed of OrgBnk Remains- 46. G«n«ra] 
Inferences. 47. The Ancient \^'orM. 48. Carollary. 40. FLdaI EiTe^cU^ 50. Con- 
cluding remarks. 

1. Introductory. — We have now passed the boundary 
which separates the animate from the inanimate world, and 
have entered those regions of geological research in which 
all traces of organized beings are absent, and various modifi- 
cations of mineral substances are the only objeL^ts that meet 
our view. The rocks no longer exhibit those organic 
characters by which we were enabled to decypher the 
natural records of the past, entombed in the fossiliferous 
strata ; but they are insjcribed with hieroglyphics whose 
3g2 
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meaDing is often obscure and frequently unintelligible^ and 
many of which admit of a double interpretation. 

The mechanical effects of water as a fluid, everywhere 
so manifest in the sedimentary formations, are no longer 
apparent ; but the powerful agency of the same substance, 
in the several conditions produced by high temperature — 
as vapour, steam, and gas,* — is universally exhibited in the 
upheaved mountain-chains, the protruded igneous matter, 
the rent and dislocated rocks, and the rugged peaks and 
precipitous glens, which are the characteristic features of 
the physical geography of primary regions. 

In the phenomena attendant on the earthquakes and 
volcanoes of modem times, we have proofs of the continued 
energy of those physical forces which produced the results 
that will form the principal subjects of this discoursa The 
nature and effect of volcanic action, to which we have 
previously, but incidentally, alluded, now, therefore, de- 
mand our especial consideration, in order that we may 
comprehend the origin and formation of the metamorphic 
and plutonic rocks ; or, in other words, of those mineral 
masses which have acquired a crystalline structure from 
exposure to the influence of intense heat under great 
pressure, and have been elevated into their present position 
by subterraneous movements. I propose, in the first place, 
to consider the nature and effects of igneous action as 
exhibited in existing volcanoes ; secondly, to describe the 
hypogene and plutonic rocks, and the changes produced in 
contiguous mineral masses by their influence ; and, lastly, 
to offer a few general remarks on some of the most impor- 
tant subjects that have engaged our attention. 

2. Nature of Volcanic Action. — Volcanic action is 
defined by Humboldt to be the influence exerted by the 

* The beautiful experiments of Mr. Grove prove that water may be 
reduced to its elementary compounds — oxygen and hydrogen — ^by 
intense heat alone. See Philos. Trans. 1846. 
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internal heat of our planet on ita external aurface, during 
its different states of refrigeration and condensation : by 
which concussions of the land, or earthquakes, and the 
expansion or elevation^ and the subsidence or contract! on, 
of large portions of the solid crust of the earth, have been 
produced. The number of existing volcanoes is estimated 
at about 200, of which 116 are situated in America, or its 
islands. 

In the previous discourses, many of the effects of igneouB 
agency came under our notice,* namelyj the subsidence 
and elevation of the Temple of Serapia {p. 106) ; the 
gradual rise of Scandinavia (p* 116) ; the upheaving of the 
sea-coast of Chili (p* 112); and other mutations of alike 
nature. As we successively examined the tertiary, 
secondary, and paltiiozoic formations, proofs that similar 
phenomena had taken place during every geological epoch, 
were equally manifest ; tlie geographical distribution of 
the foci of volcanic action was found to have varied, hut 
throughout the cycle of physical changes contemplated by 
Geology, the volcano and the earthquake appear to have 
been in ceaseless activity. The immediate cause of volcanic 
action, though not demonstrable, seems to be connected 
with the fact of a constantly increasing temperature in the 
interior of the earth, according to the distance from its 
surface ; and which internal heat is probably induced by 
the excitement of electro- magnetic currents on the mineral 
matter which composes the mass of our planet* This 
high temperature of the interior, whatever may be its 
origin, is the germ not only o^ earthquakes, which are the 
purely dynamical effects of volcanic action, but also of 
the gradual elevation of continents, and of chains of moun- 
tains from extended fissures ; giving rise to eruptions of 
lava, mud, boiling water, &c* ; to thermal mineral springSj 

* A concise view of the effects qf high temperature and of volcsmo 
action on the earth's crtis^ waa given in the tirsb Lecturej (oUdf p. 1Q3. 
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and exhalations of steam, carbonic acid gas, sulphurous 
vapours, &c. and the production of various rocks and 
minerals.* In the earlier ages of the globe the phenomena 
appear to have been of greater extent and in a higher 
degree of intensity than in modem times. 

3. Earthquakes. — The tremblings or vibrations of 
the solid crust of the globe, denominated Earthquakes, are 
vertical, horizontal, or gyratory oscillations of the land 
rapidly succeeding each other; and are caused by the 
expansive efforts of elastic fluids confined in subterraneous 
cavities. The craters of volcanoes are the vents through 
which the imprisoned gases and vapours, and the incan- 
descent mineral matter, force their way to the surface : they 
are, in fact, the safety-valves of the vast reservoirs of 
gaseous elements which are contained in the profound 
depths of the earth. Hence, if the action of a volcano be 
impeded, earthquakes are commonly induced, and the 
equilibrium of the land is not restored till the crater resumes 
its activity, or the imprisoned gases escape through other 
channels, f A coliunn of smoke which was seen for some 
months to rise from the volcano of Pasto in South America, 
suddenly disappeared, when on the 4th of February, 1797, 
the province of Quito, 192 miles to the southward, was 
visited by the great earthquake of Riobamba.^ 

The focus of volcanic action must be at an immense dis- 
tance from the earth's surface, though no rational conjecture 
can be formed either of its depth or of the chemical nature 
of the compressed fluids : but the vast areas over which 
the undulations sometimes extend, are proofs of the tremen- 
dous power of these subterranean forces. 

* Humboldt's Cosmos, p. 181. 

t The explosion of a steam-boiler from the closure of the safety 
valve (as in the recent lamentable catastrophe of the jOricket steam- 
boat) is a familiar example of this phenomenon. 

X Cosmos, p. 203. 
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4. Kahthqij AKB of Lisbon. — The earthqunke of Liaboii, 
in 1775j wliicb suddenly destroyed 60, (XK) i>erfion9, was the 
moat extensively felt of any on record. Its effects were 
perceiifed over the whole of Europe, the North of AlVica, 
and in the West Indies : and it is computed that a portion 
of the earth's surface four times the ox lent of Europe was 
eimultaneously affected* The enormous undulations of the 
sea by which it was followed, and that sw^ept along the 
e oasts of Spain, Fortugalj and Africa^ are supposed to have 
arisen from the sudden upheaval or subsidence of a vast area 
of the bed of the Athintic Ocean, beneath which the prin- 
cipal tbcxis of the subterranean ifiaturbance appeared to be 
fituated. The effects of this earthquake were felt in many 
parts of England, Scotland, and Ireland, and even as far m 
Norway ; and the waves occasioned by the concussion 
reached our southern shores, and the waters of Loeli 
Ness, and of other inland lakes, were simultaneously agi- 
tatedp Even the thermal springs of countries remote from 
the catastrophe were affected : those at Toplitz in Bohemia, 
wliirh iiiT centuries had flowed in a pure and equal stream, 
suddenly ceased, and then burst forth in a flood of turbid 
water of a very high temperature* 

Humboldt remarks, that it is probable the earth's surface 
is always disturbed at some one point, and that it is incea-^ 
santly affected by the reaction of the interior against the 
exterior. The permanent elevation of extensive tracts by 
earthquakes sometimes takes place ; aa on the coast of Chili i 
in 1822 {ante, p. 112); and they are often aeoompaaied 
with eruptions of mud, steamy hot water, carbonic acid gas, 
and other elastic fluids. 

The present grand European centre of volcanic action is 
in Southern Italy, which has for ages been in a state of 
energy ; Etna, Vesuvius, and the Lipari Isles, being the 
ventd through which the incandescent materials have 
escaped. 
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5. The PHLEGRi&AN Fields anb Lipasi Isi.b8. — The 
volcanic region of Naples consists of a linear group of 
cones, ranging N.E. and S.W., and terminating at either 
extremity by the two principal mountains^ lachia aid 
Vesuvius ; the latter seems to be connected by the inter- 
vention of minor vents with the group of Albano and of 
Rome ; the seven hills of the Eternal City being volcanic 
mounds.* 

The district of Puzzuoli and Cums^ on the Bays of Bfli» 
and Naples, is called the Phlegrsean Fields, and in it a-^ 
situated Monte Nuovo, Monte Barbaro, the Solfatara, and 
the Temple of Serapis. "This tract presents a series of cone» 
and crateriform basins ; some of which contain lakes, as 
those of Avernus and the Lucrine. These volcanic mounds 
are formed of felspathic tufa, occasionally containing marine 
shells and carbonized wood, and are covered by beds of 
loose tufaceous conglomerate. They are supposed by 
Mr. Scrope to have been produced by numerous sub- 
marine eruptions, each from a fresh focus, on a shallow 
shore.f 

The volcanic cone termed the Solfatara, so well known 
from its incessant emission of torrents of aqueous and sul- 
phurous vapour, through superficial fissures, is recorded as 
having been in a state of activity in the year A.D. 1180. 
Mr. Scrope supposes the present crater to have been formed 
at that period ; and he attributes the constant enuinations 
of sulphuretted hydrogen, to the effect of a mass of lava still 
existing beneath at an intense temperature. The chemical 
changes effected by the immediate conversion of this gas 
into sulphuric acid, from combination with the -oxygen of 
the atmosphere, and the subsequent action of the acid on 
the tufas, trachytes, &c., giving rise to sulphates of alumine^ 
iron, lime, magnesia, soda, &c. ; while the silex is left nearly 

♦ Mr. Scrope, Geol. Trans, vol. iu p. 337. 
+ Scrope ou Volcanoes, p. 179. 
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pure, in tbe state of a wliite earthy powder, are iu tJie 
highest degree interesting,* 

The earthquakes of 1538, which were followed by ati 
eruption of mudj pumice-stone, and aslieSf that burst fiirlh 
from a gulf near the town of Tripergok and formed the 
volcanic mound called Monte Nuovo, and by the pennan«nt 
elevation of the coast to beyond PukzuoH, were mentioned 
in a former Lecture {anU\ p- 109)4 

The Lipari lales, between Naples and Sicily^ lyii^g, as it 
were, midway between Vesuvius and Etna, present a cha- 
racter very analogous to the district above described. The 
crater of one of the idanda, Stromboli^ has bet^n in constant 
activity from the earlieal historical periodp It always con- 
tains melted lava in con.^tant motion^ and at uncertain 
intervals the molten mass suddenly rises, and large bubbles 
appear, wbich> upon reaching to the brim of the cniter, 
explode with a sound resembling thunder^ and masseB of 
lava, with dust and smoke, are thrown into the air ; the in- 
candescent fluid then sinks down to its former levelf 

Till.' Cliffjs of Sl Calogero, which are about two hundred 
feet high, and extend four or five nnles along the coast j 
consist of horizontal beds of volcanic tuff. From the peren- 
nial emanation of sulphurous vapours, the roeks are decom- 
posed ; aluui, gypsum , and other sulphuric salts, are farmed, 
as well as muriate of ammonia, and silky crystals of boracic 
acid. The dark elajB have become yellow, white, red, 
pink, ik^i. and marked with stripea of various colours, from 
the gnseims enumations that are fon^r?^ntly issuing from 
beneath : these mottled clays strikingly resemble in appear- 

* Geol. Trans, vol. ii. p. 345. See also, ante, p. 77, and Sir H. Davy's 
rcinarkB on the Lake of the Solfatara, in the Appendix to vol. i. p. 452. 

t A letter on the formation of Monte Nuovo, by an eye-witness, is 
still extant : a translation of it, by Mr. Leonard Homer, is published 
in the Quarterly Journal of the Qeological Society of London, No. 9, 
p. 19. 

X Spallanzani. 



812 THE WONDERS OF GEOLOGY. Lxoc. YIU. 

ance the variegated strata of the Trias {antey p. 543). Veins 
of chalcedony and opal occur, and pumice-stone and obsidian 
are abundant. Dikes and veins of trachyte intersect the 
tuff in every direction {Lign. l^^yjig, 1), like the intrusioDS 
of trap in the ancient sedimentary formations. 

6. IscHiA AND Vesuvius. — The celebrated mountain of 
Vesuvius, or Somma, is about four thousand feet high, and 
its crest is now broken and irregular ; but when northern 
Italy was first colonized by the Greeks, ^4ts cone was of a 
regular form, with a flattish summit, where the remains of 
an ancient crater, nearly filled up, had left a slight depression, 
covered in its interior by wild vines, and with a sterile plain 
at the bottom." From the earliest period to which tradition 
refers, to the first century of the christian era, this mountain 
was in a dormant state, and the neighbouring isles of Ischia 
and Procida were the theatres of constant explosions and 
earthquakes. The early Greek colonists who attempted a 
settlement, were obliged to abandon the territory, in conse- 
quence of the frequency and violence of the subterranean 
movements. 

Ischia. — But subsequently to the great outburst of 
Vesuvius, Ischia has been almost entirely dormant ; and it 
is therefore inferred that the latter volcano was the vent 
through which the elastic fluids and incandescent materials 
of the subterranean fires of Italy escaped, before Vesuvius 
resumed its activity. Ischia has numerous cones ; the central 
one, Epomeo, is 2,600 feet high, and has traces of two large 
craters on its summit. This mountain appears to have been 
submarine at its origin, but, since its elevation above the sea, 
other eruptions have burst out at various points ; and a lava- 
stream that issued from its base is still arid, and covered in 
parts with cinders and scoriae. The materials erupted by 
the cones of Ischia are, for the most part, trachytes, or 
felspathic lavas. 

Vesuvius. — In the year 63 of the christian era, Vesuvius 
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exhibited the first symptom of internal change, in an earth- 
quake which occasioned conaiderahle damage to many 
neighbouring cities, and of whose effects traces may yet be 
witnessed among the interesting memorials of the a^ful 
catastrophe which soon afterwards took place,* After this 
event, slight shocks of earthquakes were frequent, when on 
the 24th of August, in the year 79, a tremendous eruption 
of the long pent-up incandescent materials of the volcano 
burst forth, and spread destruction over the eurrounding 
country, overwhelming three cities, with many of their 
inhabitants, and burying all traces of their existence beneath 
immense accumulations of ashes, sand, and scoriao. All the 
fearful circumstances connected with this event, and the 
attendant physical phenomena, are so well known, that it is 
unnecessary to dwell upon the subject 

From that period to the present time, the internal fires of 
Italy have resumed their ancient focus, and Vesuvius, with 
occasional periods of tranquillity, has been more or less 
energetic* 

7. Steuctuee; of Volcanic Mountains. — As the 
present Jictive volcanoes for the most part emit streams of 
lava, shoivers of ashes, cinders, and scoriae, and floods of 
mud or tuff*, their cones consist of erupted materials dis- 
posed more or less concentrically ; and where sections are 
exposed, the beds have what is called a qua-qiia-verml dip ; 
that is, they regularly incline on every side of the moun- 
tain. These are termed Craters of Eruption ; they con- 
sist of succtfssive strata of volcanic matter poured out from 
a fissure or ^ent, communicating with the deep-seated focus 
of igneous actiun* 

The central crater of another class of volcanic moun- 
tains, is formed of pre-existing horizontal rocks and strata, 
that have been tbrced into highly inclined positions by a 
sudden and viijl*-nt upburst of incandescent mineral matter, 
* Dauheoy on Volcano^ p* 152* Stsrope on VolcanocB. 
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or by the expansion of elastic vapours. A dome or cone 
is thus produced, with a central opening, around which 
the uplifted strata are concentrically arranged ; being 
covered to a greater or less extent by the materials poured 
out by subsequent eruptions. These are termed by M. Von 
Buch, Craters of Elevation. The structure of such vol- 
canic mountains will be readily understood by referring to 
the sections of the Wren's Nest {antey p. 771), and of Crich 
Hill, near Matlock (ante, p. 685), both of which are 
examples of originally horizontal strata elevated into a 
dome by a protrusion of volcanic matter. If in either of 
these instances the upheaving force had been sufficient to 
propel the trap through the middle of the dome, a crater of 
elevation would have been formed, through which the 
igneous matter would have escaped. It is by a movement 
of this kind, as we have already had occasion to explain, 
that valleys of elevation have been produced {ante, p. 779). 
Mr. Scrope's observations on the structure of Vesuvius 
will serve to explain the formation of craters of eruption: — 

*' YeBuvias is an exceedingly regular mountain on a small scale. All 
the visible lavas, and the greater part of the conglomerates, are basaltic ; 
and, owing to the great fluidity of lavas of this mineral character, they 
have, when produced from the common vent, taken theircourse in spread- 
ing sheets down the outer slope of the mountain ; while the scoriae and 
fragmentary substances, projected at the same time into the air, were 
spread pretty evenly over them ; so that the result of successive erap- 
tions of this kind, has been the formation of a regularly conical monn- 
tain, with a gradually diminishing slope on all sides, from the central 
heights to the plain around ; exhibiting in the ravines that furrow its 
sides, as well as in the abrupt sections afforded by the walls of the 
great crater, its composition of repeatedly alternating beds of basalt 
and basaltic conglomerates, more or less irregular in thickness, but 
dipping uniformly on all sides away from the vent, with an inclination 
corresponding exactly to the external slopes of the mountain. 

" The eruptions of Vesuvius seem very rarely to have taken place 
from any other than the central vent ; a few small cones immediately 
above Torre del Greco, thrown up in 1794, and the cone on which the 
Camaldoli della Torre is built, are the only indications of ezploalons 
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having buret from the sidea of the moimtam. Tho vnat number of 
vertical basaltic dikes which intersect the horizontal h^& obeorvable 
in the broken cliiEj of the old crater (A trio del Cavallo) boar ivitnesft, 
however, that the lava was not so firequcntly elevated to the summit of 
the mountain, without occ^isiouing numberless cracks and rents in iie 
internal structure. There ie great reason to conclude that the old 
crater of Somma, whose steep walls now half encirde the cone of 
Vesuvius, was foimed hy the celebrated eruption of the year 79, which 
occasioned the doiith of tho elder Plinjp and buried Ecreulaneum, 
Pompeii, and Stabiiie, beneath a bed of ashes and fragmentary Beorio?, 
&c. from thirty to one hundred feet in thickness."* 

8. Volcanic Products. — Before we pass to the con- 
sideration of tlie phenomena attendant on a volcanic erup- 
tion, we will extimine eome of the principal minerals which 
enter into the composition of the lavas and other substances 
ejected from volcanoes. 

Lava is a term applied to any mineral matter liquefied 
by heat, that has issued in a stream or current from a 
volcanic aperture : when consolidated by cooling, it may 
consist either of scoriie, pumicej Ija^alt, trachyte, obsidian, 
&c. according to its mineral composition, and its slow or 
rapid refrigeration. The greater or less degree of pressure 
under which the sail difi cation either of liquid or merely 
softened mineral substaneee takea place — as, for example ^ 
in the open air, or at the bottom of the sea, or in deep- 
seated subterranean cavities — appears to be the principal 
cause of the difference between the ancient plutonic, and 
the volcanic rocks^.f 

Among the products of modern volcanoes, five of the 
metals occur ; namely, iron, copper, lead, ar&enic^ and sele- 
nium. The number of simple minerals found in the roeks 
of Vesuvius amounts to 400 species ; and many of them are 
of great beauty* Specular iron 16 common in the cavities 

* From the Memoir on the Volcanic Di&trict of Naples^ by Poulfitt 
Scrope, Esq., GeoL Traua. voL ii. p- 337. 
f Humboldt. 
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of the hard lavas. Ii;i some of the ancient Vesuvian lavas 
there are decided indications of a concretional and pris- 
matic structure, and a tendency to divide into colomnsy 
like the basaltic rocks* 

Aqueous vapours are emitted in abundance from vol- 
canoes, and often from their condensation give rise to 
copious springs. The gaseous emanations from the fuma- 
roles, or lesser vents, frequently contain chlorides of lead, 
iron, copper, ammonia, soda, &c. 

The lofty volcanic peaks which reach far above the limits 
of perpetual snow, as those of the Andes, {Cotopaxiy which 
is 19,070 feet high,) are frequently the cause of frightful 
inundations from the sudden melting of the snow, occa- 
sioned by the evolution of heat during an eruption. Torrents 
of water, bearing along heated masses of scoriae and blocks 
of ice, rush down the sides of the mountains, and over- 
whelm the plains below. Water from the melted snow is 
also continually finding its way into the hollows and fissures 
of the trachytic rocks, and vast subterranean lakes are thus 
formed in the interior of the volcanic mass: and when 
these reservoirs are burst open by the earthquakes that 
precede eruptions, water, and tufaceous mud, not unfre- 
quently accompanied with swarms of fishes that inhabited 
the internal pools, are ejected with great violence. 

The chief constituents of lavas are the substances 
termed felspar and augitey and titaniferotis iroiiy and the 
lavas are classed according as either of these ingredients 
predominates. When the felspar prevails, the mass is 
called Trachyte^ which is generally of a coarse grain, with 
a harshness of texture, and a degree of porosity ; when the 
grain is fine and compact, but irregular, it constitutes 
Trachytic Porphyry ; when the particles are so fused as to 
have a resinous or glassy texture, it forms Pitchstone and 
Obsidian. If Augite or titaniferovs iron constitute a large 
proportion of a rock, it is termed Basalt ; and when the 
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structure is slaty, Clinkstone. The same substance forms 
augite when it cools rap idly, and hornblende when the 
refrigeration takes place slowly- 

The lavas ejected from Yesuviufl present considerable 
variety of appearance and composition : they occur in the 
state of pumice-stone ; vesicular acoriscj that is, cinders full 
of hollow ceDa ; and compact heavy masses of molten rock, 
which are sometimes spotted internally with red, yellow, 
and grey. Mica occurs plentifully in some recent trachytes, 
but crystallized quartz and hornblende, so abundant in 
granite, are extremely rare. Pumice is suppoeed to be 
produced by a considerable disengagement of vapour haviug 
taken place while the lava was in a plastic, but not entirely 
in a fluid state ; the escape of the gaseous matter giving 
rise to the porous structure of this mineral. Dolomieu 
observes, that one kind of pumice seems to be derived from 
the fusion of granite, since it contains fragments of quartz, 
mica, and felspar, and that when such fragments were ex- 
posed to heat they were converted into a substance reaem- 
bling the surrounding pumiee* 

9. Lava curkents, dikes, ahd yeiks. — As the aspect 
and nature of lava currents will he easily comprehended, 
by the descriptions of volcanic eruptions which I shall 
presently place before you, it will suffice to mention in this 
place, that the appearance of lava in motion is that of a 
sluggish viscid stream loaded with red-hot cinders and 
ashes, and detached fragments of rocks, rolhng one over the 
other, and producing a loud crackling noise. Captain 
Basil Hall aptly compares the movements of a lava- current 
to that of a glacier ; — " They are both," he observes, 
" more or les.-^, fi-ozcn or half-congealed rivers ; they both 
obey the law of gravitation with great reluctance, being 
essentially so sluggiish^ that although they move along the 
bottoms of valleys with a force well-nigh irresistible, yet 
their motion is sometimes scarcely perceptible. Both glaciers 
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and lava-streams, by occasionally acting the part of huge 
dams across valleys and ravines, cause immense accumu- 
lations of water ; it is true these barriers are more fragile 
in the case of glaciers, and the consequences are therefore 
the more destructive."* 

The effects produced by lava-currents, and their rate of 
progress, depend of course on their degree of incandescence 
and fluidity. When the molten mass first issues, it appears 
like a stream of fire, but the surface quickly acquires a 
rough scum, or crust, which soon thickens, and is broken 
into angular pieces by the onward motion of the fluid 
beneath. In this condition it appears like melted iron or 
copper, and if a stick be thrust in, large semifluid masses 
adhere, and may be removed ; and coins or other articles 
may be plunged in, and will remain permanently imbedded 
when the lava cools, f 

Lava-currents from Vesuvius have flowed a mile and a 
half in fourteen minutes ; others have reached the sea in 
three hours from the summit of the mountain, a distance 
of 3,200 yards The stream which destroyed Catania in 
1669, was fourteen miles long and ^ve wide. In Etna, 
currents have been traced forty miles in length; and a 
stream that issued from Mount Hecla, in Iceland, is com- 
puted at ninety-four miles in length, and fifty in its greatest 
breadth; and its depth, where there were obstacles to 
its progress, was in some places several hundred feet. 

Lava currents retain a high temperature for along period; 
some have been observed to flow slowly ten years after 
their eruption. A mass of lava on the flanks of Vesuvius 
ignited wood thrust into it four years after its motion had 
ceased. 

The cooled lavas, and other mineral products which form 

* Patchwork, by Captain Basil Hall, vol. ill. p. 153. 
t Persons visiting Yesuyius generally bring away such mementoB 
of their ascent to its crater. 
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the gre^t miiss of a volcanic moBntain, are rent and torn 
by the earthquakes^ which generally precede gv^j tresh 
eruption ; and these tissures and charms become filled hy 
subsequent injections of molten rock. In thia manner 
dikes and veins are formed in the tr achy tic and scoriaceoua 
masses of Vesuvius, Etna, and other active volcanoes 
{Lign. 1B4), resenabHng, on a small scale, the intrusive 
trap-dikes in the ancient strata, of which we have akeady 
noticed many examples. 





LlQN. 1H4.— DiKEi AXD V£IVS IH LlVA. 

Fig. L Vems and dike a of slagi^y lava in volcanie tuff; Strofm^olL 
S, Lava dlkei Jn scad^ vid 4ftnd; Etna. 

The loose sand, scorise, and ashes, which have been either 
wafted hy the winds and fallen into the sea, or washed 
down by torrents on the plains^ become agglutinated toge- 
ther, and form an earthy conglomeratOj which is termed 
volcanic tuff. This substance is frequently traversed 
by veins and dikes uf lav% thrown up by subsequent 
eruptions. It often happens that the beds thus permeated, 
being formed of materials that readily decompose, are 
partially or wliolly worn away, while the durable in- 
truded dikes remain, and stand out in rehef, sometimes 
forming vcitical walls or buttresses, of great thickness 
and extent 9 of which the celebrated Val del BovCj of 
Etna, tn be noticed in the sequel, affords the most re- 
markable examples. 

VOL. n. 3 H 
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10. Eruptions of Vesuvius. — In the early periods of 
activity, violent gaseous explosions, with showers of scoriae, 
ashes, and sand, characterized the eruptions of Vesuvius;* 
but since the existence of the present crater, lava-currents 
have generally been ejected. The appearance of an ordi- 
nary eruption, seen by night, is thus graphically described 
by a late traveller : — 

" It was about half-past ten when we reached the foot 
of the craters, which were both tremendously agitated ; the 
great vent threw up immense columns of fire, mingled with 
the blackest smoke and sand. Each explosion was preceded 
by a bellowing noise like thunder in the interior of the 
mountain. The smaller vent was the most active ; and the 
explosions followed each other so rapidly that we could 
not count three seconds between them. The stones which 
were emitted were fourteen seconds in falling back to the 
crater ; consequently, there were always the discharge of 
dye or six explosions — sometimes more than troenty^ — ^in 
the air at once. These stones were thrown up perpendicu- 
larly, in the shape of a wide-spreading sheaf, producing 
the most magnificent efiect imaginable. The smallest 
stones appeared to be of the size of cannon-balls; the 
greater were like bomb-shells ; but others were pieces of 
rock, d\Q or six cubic feet in size, and some of most 
enormous dimensions : the latter generally fell on the ridge 
of the crater, and rolled down its sides, splitting into frag- 
ments as they struck against the hard and cutting masses 
of cold lava. The smoke emitted by the smaller cone was 
white, and its appearance inconceivably grand and beau- 
tiful; but the other crater, though less active, was much 
more terrible ; and the thick blackness of its gigantic 
volumes of smoke partly concealed the fire which it vomited. 
Both vents occasionally burst forth at the same instant, and 

* The craterft of Auvergnc, {ante, p. 268,) that exhibit no traces of 
lava currentB, arc also suppoeed to have been produced bj ezplosioni. 
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with the most tremendoua fury, the ejected stones inter- 
mingling in the air. 

" If any person could accurately fancy the effect of 
500,000 sky-rockets darting up at once to a height of three 
or four thousand feet, and then falling back in the shape of 
red-hot balls, shells, and large rocks of fire, he might have 
an idea of a single explosion of this burning mountain ; but 
it is doubtful whether any imagination can conceive the 
effect of one hundred of such explosions in the space of Rve 
minutes, or of twelve hundred or more in the course of an 
hour, as we saw them ! Yet tliia was only a part of the 
sublime spectacle before us. 

" On emei^ing from the darkness, occasioned by the 
smaller crater being hidden by the large one, as we passed 
round to the other side of the mo an tain j we found the 
whole scene illuminated by the river of lava, wbich gushed 
out of the valley formed by tlie craters and the hill on 
which we now stood. The fiery current was narrow at its 
source, apparently not more than a few feet in breadth; 
but it quickly widened, and soon divided into two streams, 
one of which was at least foity feet wide^ and the other 
somewhat less: between them was a sort of island, below 
which they reunited into one broad riverj that was at 
length lost sight of in the deep windings and ravines of the 
mountain."* 

The streams of lava issue with great velocityj and are in 
a state of perfect fusion ; but as they cool on the surface, 
they crack, and the matter becomes vesicular, or porous ; 
at a considerable distance from their source, they resemble a 
heap of scoriae, or cinders, from an iron-foundry, rolling slowly 
along, and falling, with a rattling noise, one over the other. 

In an eruption witnessed by Sir W. Hamilton, jets of 
liquid lava, mingled with stones and seoriBe, were thrown 
up to a height of ten thousand feet. 

* From the Saturdaj Magauae. 
3 h2 
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11. Herculaneum and Pompeil — Such are thie phe- 
nomena attendant on the modem paroxysms of Yesayiiis : 
but this celebrated mountain is invested with sorpassing 
interest, from the wonderful preservation of the cities 
which were overwhelmed by its first recorded eruption, in 
the seventy-ninth year of the Christian era. 

In the words of an eloquent writer, "After nearly seven- 
teen centuries had rolled away, the city of Pompeii was 
disinterred from its silent tomb — all vivid with ondimmed 
hues, — its walls fresh as if painted yesterday, — ^not a tint 
faded on the rich mosaic of its floors, — in its Fomm the 
half-finished columns, as left by the workman's hand, — 
before the trees in its gardens the sacrificial tripod, — in its 
halls the chest of treasure, — in its baths the strigil, — ^in its 
theatres the counter of admission, — in its saloons the fur- 
niture and the lamp, — in its triclinia the fragments of the 
last feast, — in its cubicula the perfumes and the rouge of 
faded beauty, — and everywhere, the skeletons of those who 
once moved the springs of that minute, yet gorgeous ma- 
chine of luxury and of life."* 

From the description of this catastrophe by an eye-witness, 
it appears that this outburst of Vesuvius was marked by a 
terrific eruption of ashes and scoriae, which, borne upwards 
by vapours, rose in an immense column, and is described by 
the younger Pliny, in his letter to Tacitus, as resembling a 
lofty pine spreading out at its summit into wide shadowing 
branches :f and then followed total darkness, occasioned 

* Sir E. Bulwer Lytton's Last Days of Pompeii. 

f The elder Pliny, who, at the time of this outburst of Vesuviua, 
held the command of the Roman fleet, stationed at Misenum— a Cape 
or headland about twice the distance westward from the yolcano, as 
the city of Naples — in his anxiety to obtain a nearer view of the phe- 
nomenon, fell a victim to the sulphurous vapours : and his nephew, 
the younger Pliny, who remained with the fleet at Misenum, has left 
a graphic description of the awful scene in his letters to Tacitns. 
1 Ic states, that a dense column of vapour was first seen arising verti- 
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by the descent of this overwhelming doud of volcanic 
matter^ which completed the destruction of the devoted 
cities, aad buried Herculaneuin, Pompeii, and Stabise, 
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IBS, — View of Vtm,, .il^, Lut-KiKii ovta thk plaik and ctrt 
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The sit(^ (if Pomppti is marked by the lang line at eiubAnkments in ihe lutddle 
distanecj formed bj- the aabeA thrown out of the eica Tat Jons, The river Sttrnvf 
is seei] on the left, 

(From Sir W. Gel^M P^mpeiamt.} 

beneath an accumulation of ashea, cinders^ and scoria, to a 
depth of from sixty to one hundred and twenty feet. 

No traces have been perceived of lava currents or of 

cally from Vosuviua, and whit;h Rpread itself out laterally, so aa to 
resemble the head and Inink of the Italian pine-tree* This black 
cloud was occaf^ioually pierced by flasHca of fire as yiTid aa lightning, 
and the whole atmoE^phem suddenly became darker than night. The 
eruption burfit forth with such anmdDg^ force, that a&hesi foil oven 
upon tho ships at Miiienura, and in such quautitiea aato cftuse a fihoaJ in 
one part of the cieighbouring sea* In tho moautime, ihe ground rooked 
terribly ; and the &ea receded bo far from the shorcj that miuiy marine 
animalB were left exposed on the dxy sand. 
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melted matter ; the various utensils and works of art^ as 
jou may observe in the lamps, vases, beads, and instm- 
ments in the British Museum, exhibit no appearance of 
having been exposed to the action of fire. Even the delicate 
papyri appear to have sustained more iiyury from the 
effects of moisture and exposure to the air, than from heat; 
for they contain matter soluble in naphtha, and are in fact 
peat in which bituminization has commenced.* In Pompeii, 
the sand and stones are loose and unconsolidated; but in 
Herculaneum, the houses and works of art are imbedded in 
solid tuff, which must have originated either from a tor- 
rent of mud, or from ashes moistened by water. Hence 
statues are found unchanged, although surrounded by hard 
tuff, bearing the impressions of the minutest lines. The 
beams of the houses have undergone but little alteration, 
except that they are invested with a black crust. Linen 
and fishing-nets, loaves of bread with the impress of the 
baker's name ; even fruits, as walnuts, almonds, and chest- 
nuts, are still distinctly recognizable. The remarkable 
preservation, for nearly two thousand years, of whole cities, 
with their houses, furniture, and the most perishable sub- 
stances, imbedded in volcanic matter, may be compared to 
those geological events, by which the forests of an earlier 
world, and the remains of the colossal dragon-forms which 
inhabited the ancient lands and waters, have been accumu- 
lated beneath the deposits of innumerable ages. 

12. CONSEEVATIVE EFFECTS OP LaVA CtTBRENTS. — 

Although no vestiges of animals or plants are likely to be 
found in volcanic products that have been in an incandescent 
state, yet so slow is the conducting power of many earths, 
that beds of shells, and vegetable remains, may be overflowed 
by streams of molten lava without injury, if protected by 
even a thin covering of sand or other non-conducting 
material. In like manner the ancient basaltic lavas have 
* Dr. Maccnlloch, 
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burst through and overwhelmed sedimentary strataj and yet 
the most delicate animal and vegetable substancea remain 
uninjured ; transmuted, in deed, into stone, but still retain- 
ing their original structure. Thus, in the cretaceous beds 
of Glaris, although the rock haa been converted into slate 
by intense heat, yet the fishes remain {antej p. 353) ; the 
strata of Monte Eolca, though capped with basalt, yet 
swarm with ichthyolites (p. 265); the fiery currents of 
Auvergne have flowed over the lacustriae limestones, and 
still vestiges of insects, serpen ts, and quadrupeds, are pre- 
served (p. 274) ; the tertiary forests of the Andes, wbich 
grew on beds of lava, now lie buried beneath subsequent 
volcanic eruptions of prodigious thickneas (p. 284); and 
bones either of the Dodo, or of the Solitaire, are found im- 
bedded in sandstone, covered by lava of recent origin 
(p. 132). 

A very remarkable circumstance is mentioned hy Mr.Lyell, 
— the preservation of a bed of ice, beneath a stream of in- 
candescent lava. The intense heat experienced in the south 
of Europe, during the summer and autumn of 1828, caused 
the usual supplies ot' ice entirely to faO. Great distress was 
consequently felt from the want of a commodity, regarded 
in those countries rather as an article of necessity than of 
luxury. Etna was, therefore, carefully explored, in the 
hope of discovering some crevice, or natural grotto on the 
mountain, where drift enow was still preserved. Not was 
the search unsuccessful ; for a small mass of perennial ice, 
at the foot of the bigliest cone, was found to be part of 
a large, continuous glucier, covered by a sheet of lava. The 
ice was quarried, and the superposition of the lava ascer- 
tained to continue for several hundred yards ; unfortunately, 
the ice was so extremely hard, and the removal of it so 
expensive, that there is no probabihty of the operations 
being renewed.* Mr. Lyell explains this apparently para- 
♦ Principlefl of Geology, vol. ii. pp. 124^126. 
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doxical fact, by supposing that a deep mass of drift snow 
was covered by a stream of volcanic sand, which is an 
extremely bad conductor of heat ; and thus the subsequent 
liquid lava might have flowed over the whole, without 
affecting the ice beneath, which at such a height (ten 
thousand feet above the level of the sea) would endure as 
long as the snows of Mont Blanc, unless melted by volcanic 
heat from below. 

13. Organic Remains in Lava. — The siliceous shields, 
or cases of Infusoria, are often found as a component part 
of volcanic ash and tuff, both of ancient and modem origin, 
and were probably derived from the subterranean pools or 
lakes ; as in the case of the showers of fishes which occa- 
sionally descend during a volcanic eruption.* Infusorial 
shields are not uncommon in the volcanic dust that falls on 
vessels, often hundreds of miles from land. An ancient bed 
of tuff in Oregon is full of infusorial remains-f 

In the tuff of Vesuvius, I have seen the impressions of 
dicotyledonous leaves ; and charred wood is occasionally met 
with in the scoriae of Herculaneum. 

A curious circumstance occasionally results from the 
invasion of a grove or forest by a stream of lava. The 
trunks of the trees, at their base, become enveloped by the 
molten mass, but the upper part and the branches are set on 
fire, and burn down to the surface. The trunks surrounded 
by the lava are only charred, and if, as often happens, this 
carbonaceous matter is washed away, or otherwise removed, 
hollow cylindrical tubes, having their sides marked with the 
imprint of the bark of the trunks, remain in the solid rock. 
Such moulds are not uncommon in the Isle of Bourbon, in 
those lava currents that have extended their ravages through 
the palm-forests. 

* Humboldt's Cosmos, p. 222. A putrid fever prevailed in 1691, 
in Ibarra, north of Quito, from the quantity of dead fish ejected from 
the volcano of Imbaburu. f Dr. Bailey. 
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A remarkable fact, arising from & similar canse^ 13 men- 
tioned by Count Strzeleckl^ as having come under bis notice 
in the valley of tlie Derwent in Van Diem en's L^uidi 
Opaljzed coniferous wood is abundant, and in some parts 
the traneated stumps are imbedded in porous and ^coriai^eotis 
basalt, and tracbytic oonglonierate, and in maoy instances 
the basalt contains hollowSj which are the moulds of trees that 
have been consumed. It appears that the stems which had 
been siUcified withstood the intensity of the incandescent 
lava ; while other trees, placed in circumstances unfavourable 
to thtir previous petrifactiDnj were charred, but not de- 
stroyed; and from their having been either green, or 
saturated with water, they resisted the progress of com- 
bustion, so as to leave cylindrical upright caviti^ in the 
basaltic scoria, with impressions similar to the rugged 
bark of a carbonized tree. Into some of these hoUows 
a seccmd eroption of lava has formed casta of the consumed 
trunks in basalt.* 

14. Mount Etna. — ^This volcanic cone^ which is situated 
in the island of Sicily, and is entirely composed of erupted 
mineral sub.stances, rises majesticaOy to the height of 
upwards of two miles (or 10,872 feet), the circumference of 
its base exceeding 180 miles ; on a clear day it may be dis- 
tinctly seen from Malta, a distance of 150 miles. Compared 
with tins prodigious mass of igneous products, Vesuvius 
sinks into insignificance ; for while the lava streams of the 
latter do not excised seven miles, those of Etna are often 
from fifteen to thirty miles in length, and five miles in 
breadth, and from fifty to one hundred feet in thickness* f 
The surlace of Etna presents three distinct regions; around 
the base for an extent of twelve miles, the country is richly 
cultivated, and abounds in vineyards and pastures, and is 
the site of many towusj monasteries, and villages. The 

* Physical Deficriptioti of Xew Soatb Wal^, 
f Dr. Danbeny on Tolcanow. 
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middle, or temperate zone above, is covered with forests of oak 
and chestnut, and a luxuriant vegetation reaches to within a 
mile of the summit. Above this all is sterility and desola- 
tion, and the highest point of the mountain is covered with 
eternal snow. The crater is about a quarter of a mile 
in height, and three quarters of a mile in circumference, 
and is situated in the centre of a gently inclined plain, 
three miles in diameter. From the crater a column of 
vapour constantly issues, emanating from the mass of 
incandescent mineral matter which fills up the interior, and 
may be seen, in a state of ebullition, in the fumaroles or 
chasms in some of the lateral crevices, of which there are 
generally several accessible. 

Etna is recorded as having been in a state of activity 
before the Trojan war ; and ever since, at varying intervals, 
violent eruptions have occurred. In an eruption in 1669, 
the torrent of lava inundated a space of fourteen miles in 
length, and four in breadth ; burying beneath it 5,000 
villas and other habitations, with part of the city of Catania, 
and at length falling into the sea : during several months 
before the lava burst out, the old mouth, or great crater, was 
observed to send forth more smoke and fiame than usual^ 
and the top fell in ; so that the cone became much lowered. 

In 1809, twelve new craters opened, about half way 
down the mountain, and threw out rivers of burning lava, 
by which several estates and farms were covered to the 
depth of thirty or forty feet: and in 1811, other vents 
appeared on the eastern side, and discharged torrents of 
liquid lava with amazing force. 

In 1832, a violent paroxysm took place, and continued 
with but little intermission for several weeks. ** On the 
31 St of October, in the middle of the night, there arose, 
without any previous indication, a column of smoke and 
fiame from the base of the large cone, on the northern side ; 
and, shortly after, an immense quantity of fluid matter was 



§ 15. THE VAI. DEL BOTE- 



829 



discharged from the crater, on the western aide^ divided into 
numerous streams. Next morning-, repeated earthquakea, 
the increased noise of the lavgj which now flowed rapidl)^, 
and the immense volumes of thick hlack smoke at the foot 
of Monte Scavo, announced that the erupHon had greatly 
increased in violence, and aeveral streams of kva were seen 
descending. On the 2d of November, contrary to all ex- 
pectation, the eruption ceased, and the lava was found to be 
so far cooled, that several adventurous ohservers were 
enabled to get upon it, and walk a few paces. On the 3d, 
the hope that the fire was almost extinct was nearly certain ; 
but, in the evening, a violent earthquake, followed by several 
smaller ones, with a fresh quantity of smoke, foretold a fresh 
eruption ; and two hours before midnight, another severe 
shock occurred, and was succeeded by black amoke mingled 
with flames, and incessant thunder. 

" Having approached,*' says Signor di Luca, ** as nearly 
as was prudent, to the hollow from which the fire issued, we 
found four apertures, which threw out burning matter* 
Raising our eyes from these vents, we observed a cleft 
or rent, about a mile in length, from which volumes of 
smoke arose from time to time ; and, as at the bottom it 
reached the openings above mentioned, it enabled as to 
behold the burning furnace in the interior of the mountain. 
Meanwhile, the thunder was incessant^ and the detonations 
were terrible ; the lava continued to flow ; and enormous 
masses of red-hot substances were thrown to a great height, 
mingled with vast volumes of flame and smoke. The shocks 
of earthquake werelikewi.ne so violent, that horses, and other 
animals, fled in terror from the places where they were 
feeding." 

15. The Val del Bote. — But by far the most interest- 
ing feature of Etna is an immense depression or excavation 
on the eastern side of the mountain, called the Val del 
Bove, This vast plain or rather cu-cular hollow, Is five 
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miles in diameter, and from two to three thousand feet in 
the height of its bounding precipices, which in most places 
are nearly perpendicular. This remarkable area appears to 
have resulted from the giving way and subsidence of part 
of the crust of the volcano, from some violent action in the 
interior, which occasioned the sudden removal of an enor- 
mous mass of mineral matter.* This plain is encircled by 
subordinate volcanic mountains, some of which are covered 
by forests, while others are bare and arid like many of the 
cones of Auvergne. The walls or cliffs surrounding this 
depression, are formed of successive layers of lava of variable 
thickness, with interposed beds of tuff, ashes, and igneous 
conglomerates of different colours and degrees of fineness. 
They slope downwards towards the sea at an angle of 
from twenty to thirty degrees, and have evidently been 
formed at various intervals by successive eruptions from the 
top of the mountain, and were continuous before the 
subsidence took place which gave this region its present 
character. 

The perpendicular sides of this natural amphitheatre are 
everywhere marked by vertical walls or dikes, which 
not only intersect the concentric sheets of lava and 
tuff, but standing out in bold relief, like prodigious but- 
tresses, impart a most extraordinary character to the 
scene; the greater induration of these intruded dikes 
having enabled them to resist the denuding action which 

^ Sudden depressions of the surface of the land, are not unfrequent 
concomitants of subterranean movements, and occasionally produce the 
most frightful catastrophes. In 1772, Papandayang, one of the lai^gest 
volcanoes in the Island of Java, suddenly sunk down, with a terrific 
noise, and an area fifteen miles long and six wide was swallowed up ; 
many hundred persons and forty villages were destroyed: being 
either engulfed with the sunken mass, or overwhelmed by the volcanic 
matter that issued forth, and spread over the surrounding country to a 
considerable distance. The original mountain was diminished 4,000 
feet in height. 
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has removed the le&a coherent pre-existiug erupted mate- 
rials.* These buttressGH are from two to twenty feet in 
thickness, and being of inunense height, are extremely- 
picturesque ; some of them are composed of trachyte, and 
others of blue compact basalt with olivine. The surface of 
the plain is wild and desolate in the extreme, presenting the 
appearance of a tempestuous sea of liquid lava, suddenly 
congealed. Innumerable currents of lava are seen piled 
one upon the other ; some of which terminate abruptly, 
while others have extended across the Val, and descended 
in cascades into the lower fertile regions, where they are 
spread out in sterile tracts amid the vineyards and orange- 
groves.! 

The varied and pictrjresque scenery of Etna, the phe- 
nomena of volcanic action which are there so strikingly 
exhibited, as well as those wliich have taken place in periods 
long antecedent to humau history and tradition, but of 
which the natural reeords remain j are described by Mr, 
Lyell with that vigour and fidelity which charaoteriKe all 
the productions of his pen ; and his works should be con- 
sulted by those who desire fuUy to comprehend the natui-e 
of some of the most interesting physical changes which are 
in progress on the surface of our planet.| 

16. Volcano of Kieauea,— Of the existing volcanoes 
that of Kirauea, in llavvaii,§ exhibitsi volcanic action in its 
most sublime and iinpoisiug ai^j^L The i&land of Hawaii, 
which is about se\L»nty miles long, and covers au area of 
4,000 square miles, is a complete mass of volcanic matter, 

* See ante, p. 819. 

t See Captain Basil Hall's graphic degcriptioii of a Tiait to tha Yal 
del Bove, Patchwork, vol. iii. p. HI* 

t See Principles of Geology, voL iL p. 415, Elementa of Geology, 
vol. ii. 

§ Hawaii is one of the Sandwich Inlands, and Ih weU known nnder 
its former name of OwbjlieOj as the t^cene of the murder t#f Captflhi 
Cook. 
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perforated by innumerable craters. It is in fact a hollow 
cone, rising to an altitude of 16,000 feet, having numerous 
vents over a vast incandescent mass, which doubtless 
extends beneath the bed of the ocean ; the island forming 
a pyramidal funnel from the furnace beneath, to the atmo- 
sphere. The following graphic account of a visit to the 
crater by Mr. Ellis, affords a striking picture of the splendid, 
but awful spectacle, which this volcano presents. 

"After travelling over extensive plains, and climbing tagged 
steeps, all bearing testimony of igneous origin, the crater of Samiea 
suddenly burst upon our view. We found ourselves on the edge of 




LiGM. 186.— The Volcano of Kikauea, xm Hawaii. 
(From EllUt Polynesian Retearchet.) 

a steep precipice, with a vast plain before us, fifteen or sixteen miles 
in circumference, and sunk from two hundred to four hundred feet 
below its original level. The surface of this plain was uneven, and 
strewed over with large stones and volcanic rocks ; and in the centre 
of it was the great crater, at the distance of a mile and a half fh>m the 
precipice on which we were standing. We proceeded to the northern 
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end of the ridge, where, the ddes being less steeps a dcacont to the 
plain below seemed prat!tica.l>l6 ; but it i^equired the greatest eautionj 
as the stones and fragments of rock frequently gave way under our 
feet, and rolled down from ahove. The etetjp which we hud descended 
was formed of volcanic matter, appareiitly of light red and grey veai- 
cular lava, lying in horizontal beds, vary Lug in thieknes^ from one to 
forty feet. In a few placCB the different maasei were rent In [>erpen- 
dicular and oblique directions, from top to bottom, ejtbor by earth- 
quakes, or by other violent coDTolBJona of the ground. After walkiDg 
some distance over the plain, which in seiferal places sounded hollow 
beneath our feet, we iiiuie to the edge of the great crater. Before us 
yawned an immense golf in the form of a creBcent, about two miles in 
length from north-east to south-west, one mile in width, and 800 feet 
deep. The bottom was covered with lava, and the south- w^t and 
northern parts were one vast flood of hurning matt<jn Fifty-one 
conical islands of varied form and size, containing as many erat^{rB, 
rose either round the edge or from the aurfaee of the burning lake* 
Twenty-two constantly emitted either columns of grey smoke, or 
pyramids of brilliant flame : and at the same time vomited from their 
ignited mouths streams of lava, which rolled in blazing torrents down 
their black indented side^ into the boiling moiia below (*<r« Xt^». 1S6). 
The existence of these conical cratera l<xl ug to conclude^ that the 
boiling cauldron of lava did not form the focus of the volcano, but 
that this liquid mass was comparatively shallow, and the basin 
which contained it separated by a atratura of fiolid matter from 
the great volcanic abyss, which confitantlj poured out its. melted 
contents through these numeroos craters into this upper reservoir. 
We were further inclined to this opinion from the vast colunmi of 
vapour continually ascending from the chasms in the vicinity of the 
sulphur banks and pools of water, for they muet have been produced 
by other fire than that which caused the ebuHltion Ln the lava at the 
bottom of the great crater ; and also by noticing a number of itmaJl 
vents in vigorous action high up the sides of the great gulf, and 
apparently quite detached from it. The Htrearos of lava which they 
emitted rolled down into the lake, and mingled with the melted masi^ 
which, though thrown up by diffeTent apertJireB, had pcrbapB been 
originally fused in one vast furnace* The sides of the gulf before ui, 
although composed of different beds of ancient lava* were perpendicu- 
lar for about 400 feet, and rose from a wide horizontal ledge of solid 
black lava, of irregular width, but extending completely round. 
Beneath this ledge the sides sloped gradually towards the burning 
lake, which was, as nearly aa we could judge, three or four hundred 
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feet lower. It was evident that the large crater had been xeoently 
filled with liquid lava up to this ledge, and had, by Bome subterranean 
channel, emptied itself into the sea, or upon the low land on the shore ; 
and in all probability, this evacuation had caused the inundation of 
the Kapapala coast, which took place, as we afterwards learned^ about 
three weeks prior to our visit. The grey, and in some places 
apparently calcined sides of the great crater before us — the fissures 
which intersected the surface of the plain on which we were standing 
— the long banks of sulphur on the opposite sides of the abyss — the 
vigorous action of the numerous small craters on its borders — the 
dense columns of vapour and smoke that rose out of it, at the north 
and south ends of the plain, together with the ridge of steep rocks by 
which it was surrounded, rLdng three or four hundred feet in perpen- 
dicular height— presented an immense volcanic panorama^ the ^ect 
of which was greatly augmented by the constant roaring of the vast 
furnaces below."* 

17. Mr. Stewart's visit to Kerauea. — In June 
1825, Mr. Stewart, accompanied by Lord Byron, and a 
party from the blonde frigate, went to Kirauea, and 
descended to the bottom of the crater. 

" The general aspect of the crater," observes Mr. Stewart, 
" may be compared to that which the Otsego Lake would 
present, if the ice with which it is covered in winter were 
suddenly broken np by a heavy storm, and as suddenly 
i'rozen again, while large slabs and blocks were still top- 
pling, and dashing, and heaping against each other, with 
the motion of the waves. At midnight the volcano sud- 
denly began roaring, and labouring with redoubled activity, 
and the confusion of noises was prodigiously great. The 
sounds were not fixed or confined to one place, but rolled 
from one end of the crater to the other ; sometimes seeming 
to be immediately under us, when a sensible tremor of the 
ground on which we lay took place ; and then again rush- 
ing on to the farthest end with incalculable velocity. Almost 
lit the same instant a dense column of heavy black smoke 
Avas seen rising from the crater directly in front, the sub- 

* Ellis's Polynesian Researches, vol. iv. 
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terranean struggle ceased, and immediately after, flames 
burst from a large cone, near which we had been in the 
morning, and which then appeared to have been long in- 
active. Red-hot stoneSj cinders, and ashes, were also pro- 
pelled to a great height with immense violence ; and shortly 
after, the molten lava came boilmg up, and flowed down 
the sides of the cone and over the surrounding scoriie, in 
most beautiful curved streams, glittering with a briUianey 
quite indescribable. At the same time, a whole lake of 
fire opened in a more distant part. This could not have 
been less than two miles in circumfeTenae, and its aspect 
was more horribly euhlime than any thing I ever imagined 
to exist, even in the ideal visions of unearthly things Its 
surface had all the agitation of the ocean ; billow after 
billow tossed its monstrous bosom into the air ; and occa- 
sionally those from diflerent directions burst with such 
violence, as in the concussion to daah the fiery spray forty 
or fifty feet high. It was at once the most splendid and 
fearful of spectacles."* 

18. The Volcai^o of Jorullo. — In South America 
volcanic action has been, and is atiU, exerted over an im- 
mense extent of country ; and the vents of the subterranean 
fires extend to the loftiest summits of the Andes. 

In the parallel of the city of Mexico there are no less 
than five burning mountains — Tuxtla,Omabaj Popocatepetl, 
JoruUo, and Cohma — arranged as if they originated in an 
immense fissure, traversing the region from east to weetj 
and extending from sea to sea* 

The elevated country which constitutes the province of 
Quito, is, as it were, an arch or dome, spread over an 
immense focus of volcanic energy, whose channels of com- 
munication with the atmosphere are the burning moun- 
tains of Pichincha, Cotopaxij and Tunguragua ; which by 
their grouping, as well as by their lofty elevation and grand 

* Lord Byron's Voyage in the Bbniie frigate. S^^ Appendis A, 

VOL. II. d I 



836 



THE WONDERS OF GEOLOGY. 



L«CT. VIII. 



outline, present the most sublime and picturesque aspect 
which is any where concentrated within so small a space 
in volcanic landscape.* 

Eruption of Jorulh. South America has been the 
theatre in modern times, of one of the most extraordinary 
revolutions in the annals of the physical history of our 
planet, — ^that which gave rise to the burning mountain of 
JoruUo.f 

In Mexico there is an extensive plain called the Malpayiy 
which was covered by fields of cotton, sugar-cane, and 
indigo, irrigated by streams, and bounded by basaltic 
mountains, the nearest active volcano being at the distance 
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Lion. 187. — Volcano of Jorullo, Mexico. 
{By Baron Humboldt.) 

of eighty miles. This district is situated at an elevation 
of about 2,600 feet above the level of the sea, and was 

* Cosmos, p. 229. 

t Baron Humboldt's Nouvelle Espagne; see also his Vues des 
Cordill^res, for beautiful illustrations of Jorullo and its homitot. 
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celebrated for its beau^ and extreme fertility. In Jun« 
1759, alarming subterranean sounds were heard, and these 
were accompanied by frequent earthquakeBj which wer« 
succeeded by others f<jT eeveral weeks, to the great conster- 
nation of the neighbouring inhabitants. In September 
tranquillity appeared to be re-establielied, when in the 
night of the 28th tlie subterranean noise was again heard, 
and part of the pUm gf the Malpays, from three to four 
miles in extent, rose up like a mass of viscid fluid, in the 
shape of a bladder or dome, to a height of nearly J ,7 JO 
feet ; flames issued forth, fragments of red-hot stones were 
thrown to prodigious L eights, and through a thick cloud of 
ashes, illumined by volcanic fire, the softened surface of 
the earth was seen to swell up like an agitated sea.* A 
huge cone, above 500 feet high, with ^ve smaller conical 
mounds, suddenly appeared, and thousands of lesser conea 
(called by the natives hormtosj or ovens) issued forth from 
the upraised plain {Lign> 187). These consist of clay 
intermingled with decomposed basalt, each cone being a 
fumarohy or gaseous vent, from which issties thick vapour. 
The central cone of Jurullo is still burningj and on on© 
side has thrown up an immense quantity of scorified and 
basaltic lavas, containing fragments of primary rocks. Two 
streams of the temperature of 186" of Fahrenheit, have 
since burst through the argillaceous vault of the homitos, 
and now flow into the neighbouring plains. For many years 
after the first eruption, the plains of JoruUo we^^ uninhA" 
bi table from the intense heat that prevailed* 

19. Submarine Volcanoes, — Volcanic eruptions take 
place alike indiscriminately, either on the land or beneath 
the waters of the ocean. The igneous foci of southern 
Italy are certainly not confined to the land, but extend 
beneath the bed of the Mediterranean, of which the appear- 
ance of new shoais and islands affords conclusive evidence. 
* Th& tract cotisieted of porphjritic Tocka. 
3i^ 
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Livy informs us that an event of this kind, which took place 
about the period of the death of Hannibal, together with 
other volcanic phenomena, so terrified the Roman people, 
as to induce them to decree a supplication to the gods, to 
avert the displeasure of heaven, which these prodigies were 
supposed to denote. " Nuntiatumque erat baud procnl Si- 
cilia insulam quse nunquam ante fuerat novam editam e 
mari esse." — Livr, lib. xxxix. c. 56. 

In Iceland, which may be regarded as a submarine vol- 
canic mountain, with the highest summits above the waters, 
eruptions are not restricted to the area of dry land ; but 
often burst out in submarine volcanoes off the coasts. The 
enormous eruptions which issued from three different vents 
in the low tract called Shaptar Jokul, in 1783, and poured 
out lava currents many miles wide, and ninety long, was 
preceded by the appearance of volcanic cones, vomiting 
fames and vapour, in the neighbouring sea, many miles 
from the land.* 

A highly interesting example of the emergence of a 
submarine volcano took place in 1831. A volcanic island 
suddenly arose in the Mediterranean, about thirty miles off 
the S. W. coast of Sicily, where previous soundings had ascer- 
tained the depth of the sea to be 600 feet. It was preceded 
by a violent spouting up of steam and water, and at length 

* Travels in Iceland, by Sir G. S. Mackenzie. 

It is worthy of remark that there are active volcanoes both in the Aro- 
tic and Antarctic regions. Sir James Koss observes, that '' the earth's 
crust, as we approach towards the pole in the southern hemisphere, 
presents the most striking indications of the vast subterranean fires 
pent up within it, and, as we now find, having vent in both the frigid 
zones : the volcano of Jan Mayen actively burning within the Arctic 
Circle ; and Mount Erebus, rising from the lofty mountain range of 
the newly-discovered continent of Victoria, to an altitude of more 
than 12,000 feet above the Antarctic Ocean, and sending forth its 
smoke and flame to the height of 2,000 feet above its crater, the centre 
of volcanic action iu those regions of eternal snow." — Sir J. C. Roa^M 
Voyage to the {Southern Sens, vol. ii. p. 412. 
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a small island gradually appearerlj baving a crater on itg sum- 
mit, which ejected scoria>, ashes, and volnmee of vapour ; the 
sea around waa covered with floa.ting cinders and shoals of 
dead fishes. The crater attained an elevation of ucarly 200 
feet, with a circumference of about three miles, having a cir- 
cular basin full of boiling water of a dingj red colour. It 
continued in activity for three weeks, and then gradually 
disappeared. In 183S, two years after its destruction, a 




LiGN. 18S.— Volcanic Ui,.&!!fD THILOVSI UF IM tbe MfiDiTi^JtRAJi^jLti jk 11*31. 

dangerous reef remained, eleven feet under the water ; in the 
centre of which was a black volcanic rock (probably the 
remains of the solid lava ejected during the eruption), sur- 
rounded by shoals of scorise and sand. Its appearance, 
when visited by M. Constant Prevost, is shown iu this 
sketch {Lign. 188), from a drawing with whitrh he favoured 
me. From these facts it is certain that a hill, 800 feet high, 
was here fi^rmcd hj a aubmarine volcanic vent in the course 
of a few weeks* The occurrence of aboals of dead Heh will 
not fail to remind you of tbe ichthyolites of Monte Bolca 
{ante, p. 26o) i and there can be no doubt that vast number* 
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were engulfed in the erupted mineral masses at the bottom 
of the sea ; and when this ocean-bed shall be elevated above 
the waters, and explored by some Agassiz of future times, the 
then fossil fish of the Mediterranean, imbedded in volcanic 
tuff, will afibrd interesting subjects for the contemplation of 
the geologist and the philosopher. 

20. Summary of Volcanic phenomena. — I have in- 
dulged in these long extracts, because the vivid pictures 
which they present of volcanic action, cannot fail to produce 
a powerful impression on the mind, and cause it to revert 
to the principles enunciated in the first Lecture, which sug- 
gest the probability that the earliest condition of the earth, 
and of the worlds around us, may have been that of vapour or 
fluidity {ante, p. 48). Here we see the most solid and durable 
materials of the globe reduced to a liquid state — seas of molten 
rocks, with their waves and billows, their surge and spray, 
giving birth to torrents and rivers, which, when cooled, 
become the hardest and most indestructible mineral masses 
on the surface of our planet ! 

The constant escape of aeriform fluids from volcanic 
vents — the irresistible force which such elastic vapours 
exert when pent up and compressed — an effect with which 
our steam-boats and locomotive engines have made every 
one familiar ; and the immense production of such gaseous 
elements which must be taking place in the interior of the 
globe, from the igneous action which is going on unremit- 
tingly, afford a satisfactory explanation of the nature and 
cause of earthquakes, and of those elevatory movements by 
which the foundations of the deep are broken up, and raised 
into chains of mountains, thousands of feet above the level 
of the sea. The volcanic vents are, in fact, the safety- 
valves from which the caloric and gaseous fluids from the 
interior of the earth escape into the atmosphere ; when these 
channels become choked up, the confined gases occasion 
earthquakes, dislocations of the rocks and strata, and eleva- 
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tions of the land, and at length escape either through the 
former vents or by opening new channels. Hence, in the 
language of Humboldt, the volcanic force must be contem- 
plated as formative of new roeksj and tran^formatme of 
those which were i>re-exi sting. But the volcanic operations 
now going on, are only & faintly reflected image of that 
energy which took place in the earhcst geological epochs, 
under very different terrestrial and atmoBpheric condidons- 
The vast chasms and fissures which it is probable existed in 
the solid portions of the earth's crust in the ancient periods^ 
from the contractions which must have taken place before 
refrigeration had proceeded so far as to admit of accumula- 
tions of aqueous sediments on the primary mineral masses, 
have since been closed by the protrusion of mountain chains 
through them, or filled up by dikes of granite, porphyryj 
and basalt.* 

Many ingenious theories have been proposed to account 
for the immediate cause of volcanic action. Of these, 
the oxydation of the metallic bases of certain earths and 
alkalies by percolations of water into deep-seated beds of 
these substances, suggeBted by Sir Humphry Davy, is 
still powerfully advocated by a high authority,— Dr. Dau- 
beny ; but proof that such bases do exiat in a metallic state 
in the interior of the earth is required, before the hypothesis, 
however ingenious^ can be admitted as a vera camn.^ The 
intense heat and chemical changes which evolve gaseous 
vapours and fluidjjj are the first elements in volcanic action ; 
and the volume of gas is often so great as to uplift the 
molten lava, and at length to burst through and escape in 
violent explosions. Without being able to determine the 
precise nature of the first link in the chain of volcanic 

* Cosmos, p. 237. 

t The phenomena attendant on the combination of oxygen with 
potassium, sodium, &c — the rapid and viokntevolutiottof heat, light, 
and expansive force— must he &miliar to the intelligent reader. 
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action, we may reasonably infer that the play of electro- 
chemical or electro-magnetic forces, which must be inces- 
santly going on among the heterogeneous mineral substances 
of which the earth consists, is fully adequate to produce the 
varied effects we have been contemplating.* 

As the fragments of unmelted rock, which are occasionally 
thrown up from the foci of volcanoes apparently of enormous 
depth, consist of granite, quartzose porphyry, and the like, 
some philosophers are of opinion that a primitive granitic 
rock was the substratum, and is the support^ of the super- 
imposed sedimentary and fossiliferous strata. 

21. Htpogene Rocks, t — We must now enter upon a 
more particular examination of the Hypogene^ or meta- 
morphic and plutonic rocks ; those masses of crystalline 
minerals, which everywhere manifest the influence of in- 
tense heat under great pressure. It will be convenient to 
consider them under two heads : viz. 1st, the rocks which 
present a stratified or laminated structure, as mica-schist, 
gneiss, &c. ; 2dly, those which occur in amorphous masses, 
as granite, porphyry, &c. ; including, in this group, the 
ancient volcanic product, trap or basalt, a notice of which 
we found it requisite to anticipate, when investigating the 
fossiliferous strata traversed by dikes of this substance. 

And here it is necessary to premise, that an acquaintance 
with the nature and appearance of the minerals that are the 
usual components of primary rocks, is indispensable to 
enable the reader to have a dear conception of the facts 
that will come under his notice. This knowledge can only 
be acquired by the study of specimens ; and it were useless 
to attempt by mere description to teach the elements of 

* The various theories that have been proposed to explain yolcanic 
action, are considered with great candour and perspicuity by Sir H. de 
la Bcche, in his charming volume entitled, Researches in Theoretical 
Geology. 

t See ante, p. 206. 
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mineralogy. In these Lectures I must assume that auch 
knowledge is possessed by my readers, or that they will rest 
satisfied with a general idea of the leading phenomena 
embraced in this division of the subject.* 

Mica-schist and Gnths. The stratified metamorphic 
rocks consist of two wcU-defined groups. Tlie fir.^t, or 
uppermost, is Mica-schistj a slaty rock, abounding in a 
mineral called mica (from its glittering appearance) ; and 
quartz, a substance of wliicb rock crystals, and the semi* 
transparent pebbles common in most beds of shingle or 
beach, are examples^ These two minerals are disposed in 
alternate layers, forming lamintited beds, whitjh ^ire ex- 
tremely contorted and undulated. The upper divisions of 
this series bear a considerable resemblance to the mctamor- 
phic argillaceous schists j the lower are of a more quartzose 
character, probably ixom having been subjected to a greater 
degree of igneous action. 

Oneissf consists of contorted and laminated beds of 
quartz, felspar, and mica, irregularly stratified ; which may, 
in truth, be regarded as stratified granitCj for the same 
substances enter into their composition, as prevail in the 
amorphous masses of that rock. GneifiS is often found 
associated and alternating with mica-schiat, quartz -rock, 
clay-slate, and a very hard granular rock, called primary 
limestone. The whole aeries of stratified metamorphic 
beds may therefore be considered as partaking of one 

* The elementary minemlo^cal knoirledge necessATy for this pur- 
pose, may be acquired by the study of a suit^ of spocimens to be 
obtained of Mr. Teimiint, 14Bj Strand, ProfeBsor of Minomlogj^ ia 
King's College. If the student can have the advantage of a few privato 
lessons from Mr. Tennant, or can attend the lectures delivered in 
King's College, his progress will be more rapifl atid Batisfactory thivn 
by any other method. For tho advuiiEcd atiudent^ tbe ^' SyBtem of 
Mineralogy," by James D. Dana, second edition, New York, 1844, wUl 
be found the best work on tiie subject, 

t A German mining^ term. 
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common mineralogical character, and with the exception of 
the calcareous rocks, may have originated from the ^sin- 
tegration and subsequent consolidation of more ancient 
primary masses. 

There are various substances associated with this group, 
as steatite, hornblende-schist, chlorite-schist which is a green 
slaty mineral, and the beautiful mottled magnesian rock 
called Serpentine; the latter is often connected with trap. 

Ghranite (so named from its granular structure), is the 
foundation upon which all the strata of which we have 
spoken are superimposed, and the framework of the earth's 
crust; rising to the loftiest heights, and stretching into 
mountain chains, which mark the grand natural divisions of 
the physical geography of the globe. 

Although presenting great variety in the proportion and 
colour of its ingredients, granite is essentially composed of 
three substances, which may be easily recognised in the 
blocks of which many of our pavements, bridges, roads, 
and other works, are constructed. These are mica^ known 
by its silvery or glittering aspect ; quartz^ by its glassy 
appearance ; and felspar^ which forms the opaque white, 
pink, or yellowish masses, oftentimes seen in sections as 
long angular crystals, which from their size and colour 
may be readily detected, even by the unscientific observer. 
In some species of granite, talc and hornblende occur, and the 
mica is wanting ; these are called sienite, or syenite : those 
masses which are composed of crystals of felspar^ in a base 
of earthy felspar, constitute porphyry, 

M. Bischof states that it may be demonstrated mathema- 
tically, that all the sedimentary strata, and all the substances 
eiclosed in drusy cavities, are derived from the plutonie 
crystalline rocks; these have furnished the materials, 
and water has conveyed the quartz, calcareous spars^ 
heavy spars, metals, and other substances which fill such 
cavities. 
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22, MiCA^sCHiST AND Gneiss* — ^Tbese rocks are widelj 
spread over and around the masses of unstratified plutonic 
rocka. They occur in Caernarvon and Camber! and, but 
are of inconsiderable esitent in England In Scotland they 
extend over great part of the HighlandSj and largely prevail 
in the Hebrides; they form the mountain-ranges of the north 
of Ireland, and cover large areas in Londonderry and 
Donegal. 

The most striking features of these rocks, are the flexures 
and contortion 3 in wliich they are so generally folded ; 
proving the soft and ductile state in which the component 
materials must have existed ^ for they present every variety 
of sinuosity and curvature imaginable. 

The Isle of Lewis (one of the Hebrides) so admirably 




LiGH, lay.— Curved 0^E1SA IK the Isle oi' LEirit. 

illustrated by Dr. Maccullochj is remarkable for the contor- 
tions observable in its precipitous cliffs of gneiss, and the 
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innumerable granite veins with which they are traversed. 
The face of the rocky cliffs appears like veined marbled 
paper ; and the imagination can scarcely conceive an in- 
tricacy, or interlamination of this nature, of which a resem- 
blance could not be found in the cliffs of Lewis.* 

From the decomposition and falling away of the sur- 
rounding parts of the rocks near Oreby, an interestinig, per- 
haps solitary, example occurs, of a bent and detached mass 
of gneiss, about thirty or forty feet high {Lign. 189), and 
which forms a highly interesting and picturesque object 

The stratified appearance of gneiss and mica-schist is 
attributed by some geologists to an arrangement of crystals 
of different specific gravities in horizontal planes; their 
subsequent softening by heat, admitting of the flexuosities 
of these rocks ; and it is inferred that melted granite, 
upon cooling under particular circumstances, would assume 
a stratified appearance, analogous to that of gneiss; or might 
even resemble the structure of aqueous sediments. 

23. Contortions op crystalline rocks. — The cur- 
vatures and flexures of rocks, largely composed of quartz, 
is a subject of great interest in another point of view, 
because it bears upon the question as to the solution and 
deposition of silex ; a process which appears to have been 
going on in the crust of the earth from the mode of forma- 
tion of the most ancient granitic rocks, to the deposits now 
in progress. I have before remarked, that the appearance 
of some of the siliceous infiltrations in the tissues of sponges, 
ventriculites, and other zoophytes, aad even in the intimate 
structure of wood,f when seen under a highly angnifying 
power, is that of a vucid fluid, or plastic pasti^ pressed into 
the interstices of the tissue, rather than that of the per- 
colation of a mineral solution, or of a metamorphism of 

* Western Isles, p. 193. 

f As for example, in some of the fossil wood from Egypt and Aos- 
tralia. See ante, p. 711. 
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the organism, as in other examples of sUioified animal and 
vegetable structures. 

Experiments have shoT;\m that melted quartZj unlike 
alumina, retains its viscidity for some time when cooling, 
and may be drawn out in threads;* and M. Jobert states, 
that in graphic granite he has found the quartz crjetale lE 
the midst of the felspar flattened and contorted^ arf if they 
had been strongly pressed between the felspathic matter, f 

These facts seem to offer an explanation of the flexures 
and curvatures in quartz rocks and gneiss : and they are 
brought forward by Mr. Darwin, with his usual acuroeo, 
to illustrate the origin of the i*emarkable duplications, and 
abruptly arched positions, of the stratified quartz rocks in 
the Falkland Islands. " Some of the hills," he observes, 
" are composed of quartz strata doubled on themselves, with 
the axis-plane thrown quite over, — the quartz must there- 
fore have been in a pasty condition when it suffered with- 
out fracture such abrupt curvatures." Mr* Darwin states 
that the detached concentric lay^s resembled gigantic 
semi-cylinders of quartz, "like draining or ridge tiles^ 



* M. Gaudin, quoted by Mr. Darwin. 

t The chalcedonic stalactites^ which aro oflott found in the holJowi 
of flint and agate nodules, mast have been formed by the slo^ infil- 
tration of silica in a viscid state. K. Alcxnndrtj Brongniarfc attrilutes 
the formation of all agates and ehatoedoniefl to tbe viscous or gelatinoas 
condition of the mineral matter ; and that of hyaline quartz and rock 
crystal to the perfect fluidity of the same. " Loi^cjuo 1ft utlieo a etfi 
compl^tement dissoute, et par consequent dans un titat de liquidity 
parfaite, elle a cristalhs^ et produit le quarts hyalin. Mais loreqa'elle 
6tait en consistance g^latineupCj cUi^ a produit leg silex^ ot surtout ceux 
qu'on designe par le nom g6n6ral d'agate et de calcMoLae." — E««iaL 
sur les Orhicules silicenx. Ann, Sciences Nat. Juin IS 31. 

In the specimen of Trigonia from Tisbuiy, previously mentioned 
(ante, p. 620), the hranchice are completely fclHciiiad ; and aomc of 
these processes when examined under a high powcr^ ehow the orbicular 
structure which characterizes chalcedonic silica. 
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One specimen was twenty feet long and twelve in dia- 
meter." * 

It would appear, therefore, that silex and qaartz may be 
deposited in two ways : by the action of thermal waters 
(ante, p. 94), and by the influence of intense heat The 
remark of Professor Keilhau here applies with equal force as 
to the experiments which called it forth : — " The greater 
part of the crystalline rocks have an entirely hidden origili 
and development. Chemistry alone cannot decide this 
question, for the same minerals can be composed -in nature 
by different processes. By the side of the celebrated &ct 
which showed the possibility of the formation of felspar by 
heat, we can now place experiments which prove the pos- 
sibility of producing felspar in the moist way." 

The rocks of this system are widely expanded over 
Europe and America ; and everywhere abound in metal- 
liferous veins. They are of various ages ; and their meta- 
morphic character is proved by the occurrence of gneiss, 
mica-schist, and talcose-schist, in the Alps and Apennines^ 
under circumstances showing that their crystalline structure 
has been acquired since the origin of many of the fossili- 
ferous strata ; even in some instances long after the depo- 
sition of those which repose directly upon them. On the 
other hand, " the gneiss of Kinnekulle in Sweden, and of 
the Falls of Montmorenci, and many of the plutonic rocks 
of the Aidarondach mountains west of Lake Champlain, 
are of older date than any strata in which organic remains 
have yet been found." f 

24. Basalt, or Trap. — The consideration of the ancient 
volcanic rock, designated by the various names of TiFAtn, 
Trap, Basalt, and Clinkstone, will next engage our attention. 
Basalt occurs in veins or dykes, which traverse rocks of aU 

* Mr. Darwin, On the (Geology of the Falkland Islands. Qeologicil 
Journal, vol. ii. p. 267. 

f Mr. Lyell's Trayelfl in America, p. 129. 



4 24. BAaALT. OH TRAP. 



849 



ages ; it also occurs in layers spread oyer the surface of 
the strata, or interposetl between them. Many modern 
lavas differ so little from basalt, that it is unnecessary to 
adduce proof of the volcai^ic nature of this rock. l>r, Mac- 
cuUoch observes, that from lava to basalt, and from thence 
to syenite, porphyry, and granite, there is an uninterrupted 
succession : as agents in geological changes trap and granite 
are identical; and that it i:i a mere dispute about terras to 
refuse the name of submarine lavas to basaltic dikes, " They 
are as much the product of extinguished volcanoes, although 
they do not now emit fire or smoke, as arc those of Italy, 
where the volcanic action has ceased,"* Beds of basalt^ of 
a friable and coarse texture, are often found in the older 
rocks ; these are volcanic ashes and gritSj that have been 
formed at the bottom of the sea, during the accumulation of 
the sedimentary matter with which they are associated 
(ante, p. 779). In some places they appear as currents or 
sheets of pure volcanic materials ; at others they envelope 
marine remains, pebbles, sand, and fragments of roeks: 
some layers consist of fine volcanic acoriae passing into sand ; 
and all these varieties alternate with beds composed eat- 
clusively of shelly and marine sediments, so that no doubt 
can be entertained that the diversified masses thus arranged 
in parallel strata, must have been formed during the same 
period of igneous action. These evidences of ancient 
volcanic operations are similar to those observable in the 
modem deposits of Sicily, where banks of existing species 
of marine shells, now at considerable heights above the sea, 
are so intercalated witli volcanic matter^ that no other 
inference can be drawn than that the whole were of con- 
temporaneous marine formation *f 

The most remarkable form assumed by basalt, is that of 
regular pillars, or columns, clustered together ; a character 
also observable in some recent lavas ; the columnar basalts 

» System of Geology, vol. i'u p. 100. f Siluriaa Syatem, p. 75, 
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of the tertiary epoch have aireadj been noticed (ante, 
p. 271). This columnar structure has been proved bj some 
highly interesting experiments, to have originated in the 
manner in which refrigeration took place. Mr. Gregory 
Watt * melted seven hundred weight of basalt from Bowl^ 
Regis (ante, p. 774), and kept it in the furnace several 
days after the fire was reduced. It fused into a dark- 
coloured vitreous mass, with less heat than was necessary to 
melt pig-iron ; as the mass cooled, it changed into a stony 
substance, and globules appeared ; these enlarged till they 




LiGK. 190.— DaSALTIC CoLUHMS, FKOM THX GIAHT8' CAUBXWAT. 

Fig. I A block partially decomposed, exhibiting the primitiye tpbeioUal flgnre of 
the prism. 2. Portions of columns, consisting of several Joints. S. The 
concave surface of a Joint. 

pressed laterally against each other, and became converted 
into polygonal prisms. 

The articulated structure and regular forms of basaltic 
columns have, unquestionably, resulted from the aystalline 
arrangement of the particles in cooling ; and the concavities, 
or sockets, have been formed by one set of prisms pressing 
upon others, and occasioning the upper spheres to sink into 
those beneath; thus the different layers of spheres have 
* Philoiiophical Transactions for 1804. 
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been articulated together, as in the basaltic tiolumna of the 
Giants' Causeway {Lttjn* 190). 

Proofs of the correctness of this inference are afforded 
by Ibe occurrence of a spheroidal nucleus enveloped by 
a polyhedral block of basalt ; and from the fact, that when 
this rock is not divided into regular prismatic coluninSj 
it often forms laminated spheroids, whichj varying in size, 
constitute by aggregation eittensive masses. The position 
of the columns presents every variety from the perpend ipiilar 
to the horizon tid ; this has arisen from corr*?sponding dif- 
ferences in the direction of the cooling surface*, for the 
prisms are found to be always at right angles with the 
surface of refrigeration ; the horizontal, inclined, and curved 
columns of basalt^ which occur in the Isle of Staff a, und 
elsewhere, have originated fn>m thiri cause. 




LlBK. 19J,— I^IK IlLE OF STAITA. 

25, Isle or Staffa ■ Finuai/s Cave, — Many of the 
Hebrides, or Western Isles of Scotlimd, are almoj^t wholly 
composed of trap rocks. Of these Stafla* is the most 
celebrated, on account of a deep chasm or recess situated in 
a magniiiccnt group of vertical columnar basalt^ and which 
• >Htoffit^ a Norse term^ dgnifyiag & staff or ODluma- 

VOL* II. 3 K 
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has been produced by the incessant action of the targes on 
the base of the cliff. This natural cavern is of singglar 
beauty, and is known to the English tourist by the name of 
FingaVs Cave ; but it is called by the islanders^ I'Tahnh-'bim, 
or the Cave of Music, from the murmuring echoes occasioned 
by the billows, which in rough weather dash with violence 
and a loud noise into the chasm. 

The Isle of Staffa is a complete mass of columnar basalt ; 
it is about two miles in circumference, and forms a table- 
land of an irregular surface, being surrounded on every side 
by steep cliffs, about seventy feet high, which are composed 
of clusters of angular columns, possessing from three to six or 
seven sides. It is intersected by one deep gorges which 
divides the higher and more celebrated columnar portion 
from the other division of the island. At the highest tides, 
the columns which form the south-western cliffs appear to 
terminate abruptly in the water ; but the retiring tide ex- 
poses a causeway of broken columns at their base. The 
greatest elevation of the island is about 120 feet, and its 
surface is covered with soil 'of considerable depth, clothed 
with herbage.* 

Fingal's Cave, first made known to the public in 1772, 
by Sir Joseph Banks, is on the south-east comer of the 
island, and presents a magnificent chasm 42 feet wide, and 
227 in length. The roof, which is 100 feet high at the 
entrance, gradually diminishes to 50, and is composed of the 
projecting extremities of basaltic columns; the sides are 
formed of perpendicular pillars ;^ and the base consists of a 
causeway paved with the truncated ends of similar columns. 
The vaulted arch presents a singularly rich and varied effect ; 
in some places it is composed of the ends of portions of 
basaltic pillars, resembling a tessellated marble pavement ; 
in others, of the rough surface of the naked rock ; while in 
many, stalactites mingle with the pillars in the recesses, and 
* Dr. MaccuUoch. 
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add, by the contrast of their colours, to the pictorial effect, 
which is still further heightened bj the ever- varying 
reflected light thrown from the surface of the water that 
fills the bottom of the cave. 

The depth of the water ia nine feet, and a boat can 
therefore reach the extremity of the cave in tolerably calm 




LifiX, lys,— FikcpAL'h CaV£j irifewEP asLUTi wrTUipr. 



weather ; but when the boisterous gales of that northern 
clinni drive into the cavern^ the agitated waves dashing 
and breaking against the rocky sides ^ and their roar echoed 
with increased power from the roof, present to the eye and 
ear such a scene of grandeur as bids defiance to any 
description. The short columns composing the natural 
causeway before mentioned, contmue within the cave on 
each side, and form a broken and irregular path, which 
allows a skilful and fearless climber to reach the extremity 
on the eastern side on foot : but it is a task of danger at all 
times^ and impossible at high tide* or in rough weather. 
3x2 
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It would be useless, observes Dr. Macculloch, to attempt a 
description of the picturesque effect of a scene which the 
pencil itself is inadequate to portray. Even if this cave 
were destitute of that order and symmetry, and that rich- 
ness arising from the multiplicity of its parts, combined 
with its vast dimensions and simple style, which it possesses, 
still the prolonged length, the twilight gloom half conceal- 
ing the playful and varying effects of reflected light, the 
echo of the measured surge as it rises and falls, the trans- 
parent green of the water, and the profound and fairy 
solitude of the whole scene, could not fail strongly to 
impress a mind gifted with 'any sense of beauty in art or 
in nature.* 

The basalt of which the columns are composed, is of a 
dark greenish-black hue ; a thin layer of siliceous cement 
occurs between the joints or articulations, which is called 
mortar by the islanders, and strengthens their persuasion 
that this wonderful cave is the work of art. Another cave, 
but of inferior dimensions, lies at a short distance ; and 
many others of less note are seen in various parts of the 
cliffs, into which the sea breaks with a noise resembling 
that of distant heavy ordnance. 

26. Strata altered by contact with Basalt. — ^In 
Ireland a magnificent range of basaltic pillars extends along 
the northern coast of Antrim. It consists of an irregular 
group of hundreds of thousands of pentagonal, jointed, 
basaltic columns, varying from one to five feet in thickness, 
and from twenty to two hundred feet in height. The 
structure of these masses I have already described ; their 
prevailing colour is a dark greenish-grey. Along the 
shore, a vast area is covered by the truncated ends of 
upright columns, the upper parts of which have been swept 
away by the action of the waves. The surface, therefore, 

* Macculloch's Western Iflles. 
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presents the appearance of a pavement composed of 
enormous angular blocks of stone ; ivhence lias originated 
the popular name of the GianW Causeway. In the diffs, 
a natural cavern has been excavated by the inroads of the 
waves, about sixty feet high^ and of great picturesque 
effect ; the entrance is nearly thirty feet in width , and the 
walls are formed of dark basalt. 

But the great interest of this spot, in a g^logical point 
of view, is the altered structure observable in the sedimen- 
tary rocks wherever they are in contact with the basalt. 
The Chalk in this part of Ireland, constitutes a line of cliffs 
traversed by trap, which occurs in vertical dikes, and in 
extensive beds, and has a columnar structure. 
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LiGN. 193.— TfLAl' lUKES THAVEUBlKG CHALRI JJT THE ISLE OF KATHLIV. 

1.1. Chflltc. 

2. 2. 2. fhslk changed into ^ritTiiuI&r inarhle from crniitact 

wjtl) the Trap-Diti'ii, 

3. A ti:3TTow Trap Dike sr ve[a traveraJDg altered Clialk. 

4. 5, Trap Dikeip 

The chalk strata have a total thickness of about 270 
feet, and rest on a green saml stone, called nwliattoef 
which is tlie equivalent of the firestone of the south-east of 
England {ante^ p, 296) ; it contains flint nodules, ammo- 
nites, belemnites, echini tcs, tercbratulas, and other usual 
fossils of tliG cretaceous formation. 

In the l?^le of liathlin, nearly vertical dikes of basalt are 
seen intersecting the chalk (as in this sketch, Lign. 193), 
which at the line of contact, and to an extent of several feet 
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from the wall of the dike, is completely metamorphosed. 
Those portions of the chalk which have been exposed to the 
extreme influence of the trap, are now a dark brown crys- 
talline rock, the crystals running in flakes, like those of 
coarse primitiye limestone ; in the next state the rock is of 
a saccharine structure — ^then fine-grained and arenaceous ; 
a compact variety with a porcellaneous aspect, and of a 
bluish-grey colour, succeeds ; this gradually becomes of a 
yellowish-white, and passes insensibly into unaltered chalk.* 
The flints in the hardened chalk are either of a yellowish, 
or deep-red colour, and the chalk itself is highly phospho- 
rescent. The fossils are much indurated, but retain their 
usual appearance. 

To the south of Fairhead, in the county of Antrim, 
syenite traverses mica-schist and chalk, and fragments of 
the latter are impacted in the erupted mass, being changed 
into granular marble. f The geological structure of that 
part of Ireland consists of — 1, The underlying rock, Mica- 
schist ; 2, Coal-shale ; 3, Triassic strata ; 4, Chalk. J 

In this place it is necessary to remind the reader of 
the examples of intruded basaltic rocks which have been 
noticed in the former part of this lecture, when treating 
of the palaeozoic formations; viz. the trap of Dudley 
(p. 774), of the Malverns (p. 761), Abberley Hills (p. 778), 
&e.; the toad-stones of Derbyshire (p. 684), and the 
Whin-sill of Yorkshire. The latter is an enormous basaltic 
dike, which traverses the island from the Tees to Bobin 
Hood's bay. and intersects all the strata from the lowermost 
beds of the coal-measures to the oolite inclusive. 

27. Trap Dikes in the Isle of Sky. — ^In the Isle of 

* Dr. Berger on the Geological Features of the North-east of Ireland, 
Geol. Trans, vol. iii. p. 172. 

t The beautiful statuary marble of Carrara is oolitic limestone, 
metamorphosed by the influence of contiguous igneous rocks. 

X Mr. Griffiths. 
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Sky the intrueions of basalt are on a large acale, and pre- 
sent many important and instructive examples of tlie dis- 
turbance and altered character of the sedimentary rocks, 
that have been exposed to thdr influence* From the 
numerous sketches that illustrate Dr. Macculloch's work on 
the Western Isles,* I have selected the one before us 
{Lign, 194), as exhibiting verticalj oblique, and horizontal 
veins or dikes ; a large mass of trap is seen abutting end- 




LlGN, 134.— TllAP-DIJtK ON THE KJAST O^ TkDTT J! lt»l ■ (1 * IN TtlE IfLfl 
OF Sltr, 

(ij Vertical TrspH 

b^ e, dj trap-vtilm Kdtit off from the mu! #. 

wise at a^ against the sandstone strata e; from which a 
thick stream flows horizontally, sending off branches bath 
upwards {h) and downwards (cf), and finally dividing iiito 
three small veins (Cj c^ c)* 

In the cHffij at Straithaird, in the Isle of Sky, the sand- 
stone sti^ata are traversed by numerous vertical dikes and 
veins of trap ; and the latter in many places have decom- 
posed, and left perpendicular fi ssureSj as is shown in the 
annexed sketch (Li^n^ 19S) ; the reverse of the pheno- 
mena observable in the Val del Bove {antet p. 829)* 

Porphyritin dikes and veins also occur abundantly in the 
same island, in some instances protruding through, and in 
others spreading over clay -slate, red- sandstone, and shelly 
limestone* 

♦ This work should he referred to in order to obtain an adeqiiatfl 
idea of the ejtiycnt and complexity of the trap dikes and veins in the 
Isle of Sky^ and others of the Hebrides, 



1 



858 THE WONDERS OF GEOLOGY. LwJl. VIII. 

In some of the slate districts, where the trap has buret 
through and overflowed the strata, fragments of slate are 
found imbedded in the basalt, appearing to have been 
detached from the rock at the intrusion of the lava, and 
enveloped while the latter was in a state of fusion. 




LiGN. 195.— Vertical channels in Sandstone strata, left by decomposed 
trap-dikes ; at Straithaird, Isle of Sky. 

(Dr. Macculloch's Western Isles.) 

Sometimes the fractures and displacements of the strata 
are on so small a scale as to exhibit the relative connexion 
of the separated portions, as shown in this sketch of trap 
intruded between sandstone, in the Isle of Arran {Lign. 196, 
Jig. 4). This island, which is the largest in the Firth of 
Clyde, presents, like the Isle of Wight in the south-east of 
England, an epitome of the geology of the neighbouring 
mainland. " The four great classes of rocks — ^the fossili- 
ferous, volcanic, plutonic, and metamorphic, are there all 
conspicuously displayed within a very small area, and with 
their peculiar characters strongly contrasted."* 

28. Granite. — Various modifications of the compound 
mineral termed granite, constitute a great proportion of the 
primary rocks, and are found almost every where beneath 
the gneiss and mica-scliist, and often in contact with strata 

* Mr. Lyell's Elements, vol. ii. p. 371. I much regret that my 
limits will not admit of a detailed notice of this most interesting 
Island ; and I must refer the reader to the work cited, and to the 
excellent guide to the Geology of the Isle of Arran by Mr. Bamsay ; 
published in Griffiths' Scientific Miscellany, Glasgow, 1841. 
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of the newest secondary forraations. In the British Isles 
granite appears in Cornwall, BartmooFj &c, ; and lorms the 
nucleus of SkiddaWj Shapiell, Ben Nevis, and other moun- 
tain peaks. 

Granite veins. Granite often occurs in dikes and 
veins which traverse not only other rocksj but abo the 
pre-existing masses of granite ; proving that the form- 
ation of this mineral has taken place ot various and 
distant periods. Veins are fissures or ehasms produced 
in rocks either by mechanical disturbance, or by eoiitrac* 
tion of the mass during its consolidation or refrigeration, 
and which have been liUed by subsequent infiltration or 
sublimation, or by injections of mineral matter in a state of 
fusion from a subterranean soarce. Although many me- 
tallic veins are synchronous with the rocks they traverse^ 
having been formed by segregation during the consolidation 
of the mass, yet the veins and dikes of volcanic matter are 
obviously of later origin than the beds in wMch they are 
intruded. Thus the granite veins represented in this 
diagram {Lign, 196, Jig. 1), are newer than the slate rocks 
through which they are diBseminated. 

Granite veins traversing other rocks are themselves 
sometimes intersecte<l by intrusions of other melted mate- 
rials. This sketch {Lign. 196^ Jig, 2) represents a mass of 
schistose rock, which is crossed by granite veins (a, a) in 
one direction, and again by veins of porphyry (6, &, h)^ 
which cut through both the schist and the granite* When 
gneiss is intersected by granite, it becomes shifted, as 
in this example, in which the granite veins {Lif/n. 196, 
Jig, 3, a, a, a) have displaced the laminie of gneiss {bj &, b). 
Thus by numerous observations of phenomena of a like 
nature, it is now clearly established that granite has been 
ejected during the CambriaD, Silurian, Carboniferous, 
Oolitic, Cretaceous, and even Tertiary epochs. 

Where granite has been erupted in a fluid or softened 
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State among secondary strata, the latter are invariablj 
altered near the line of junction : but when consolidated 
masses of granite have been protroded, no such change is 




3 4 

LiGK. 196.— Imtbosions of Trap, Granite, Forphtrt, ftc. 

Fig. 1. Granite veins (a, a,) traversing schist, Isle of Arran.* 

— 2. Veins of granite (a, a,) traversing schist, themselves crossed by veins of two 

different kinds of porphjny (6, 6, b). 

— 3. Gneiss (6, 6, b, b,) shifted by a granite vein (a, a, a). 

— 4. Intrusion of trap between layers of sandstone (a, a), presenting an example 

of fracture and displacement so small, as to admit of the readi^tation of 
the separated portions. t 

observable. Into the slate rocks of the Cumbrian chain, 
syenite, porphyry, and greenstone, have been injected in a 
melted state, and now fill up fissures produced during the 
general movements of those strata ; but the central nucleus 
of primary rock exhibits no such appearance. 

* Phillips, Encycl. Metrop. 

t Dr. MaccuUoch, Geolog. Trans, and Western Isles. 
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29. Granitic ebuptionb. — In the Isle of Arran, the 
granitic rocks were evidently erupted in a state of fusion^ 
for the slates are penetrated by veins of granite {Lign, 196, 
Jig, 1) ; and in some instances are changed into fine-grained 
mica, or hornblende slate* 

M. Dufrenoy describea granite veins traversing chalk, 
in the Pyrenees, which have converted the cretaceous rock 
into crystalline li meet one, and generated in it veins of iron- 
ore ; the following instructive fact is noticed by M. Elie de 
Beaumont. In the environs of Champoleon, where granite 
comes in contact with Jura limestdncj wliutever may be the 
position of the surfaces in contact, the limestone and the 
granite both become metalliferous near the line of junction, 
and contain small veins of galena^ blende, iron and copper 
pyrites, &c. ; and at the same time the secondary rocks are 
indurated and crystalline, while the granite has undergone a 
contrary change.* !BIr» Lyell mentions a remarkable ex- 
ample of the alteration induced in stratified rocks by intru- 
sions of syenite or granite \ near Christiania* in Norway, 
very dark-coloured limestone is changed into white cry- 
stalline marble, and i^late into mica-schist ] traces of fossils 
are not uncommon in some of the crystalline rocks, thus 
unequivocally proving their metamorphic character. 

In Glen Tilt, in Scotland, schist and limeatone are super* 
imposed on and traversed by granite, and the latter is 
intruded among the former rocks, and ramifies into innu- 
merable veins in the most complicated manner, proving its 
perfect fusion when erupted. f 

Granite never occurs stratified, but it often assumes a 
laminar disposition, which may be considered as a modi* 
fication of concretion al structure. A prismatic or euboidal 
form is sometimes observable, but this appears to be the 

* Sir H. De la Becbc 

f See the highly vtilualjle Memoir on the Geology of Gkn Till, by 
Dr. MaccuUoch, GeoL Trans, vol. iii. (first sericf) pp. 259*337. 
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result of incipient decomposition, for the fissures become 
enlarged by exposure to the air and water, and the rock 
separates into masses resembling piles of masonry, of which 
the celebrated Logan or Rocking-stoneSy and the Cheese' 
wring of Cornwall, are examples.* 

In some instances, a tendency to a columnar arrange- 
ment is observable, as in the cliffs near the Land's End, 
in Cornwall. The granitic porphyry of Corsica (Napo- 
leonite) presents an orbicular structure, in which bolls 
or spheroids of concentric and alternate coats of horn- 
blende and compact felspar, are disseminated with much 
regularity throughout the mass. 

The granites of Devonshire and Cornwall are considered 
by Sir H. de la Beche to have been protruded after the depo- 
sition of the coal-measures of Devon, and antecedently to 
the Triassic series. " They appear to have been thrown up 
through points of least resistance, in a line extending from 
the southern part of Devonshire to the Scilly Isles, part 
having protruded through the weakest places, and the 
remainder being concealed beneath. From the Scilly Isles 
to Dartmoor inclusive, there seems to have been the 
upthrust of one mass, which found points of less resistance 
amid the superincumbent accumulations, more in some 
places than in others. As the masses rose, the edges of the 
detrital, trappean, and calcareous beds against which they 
pressed, were frequently fractured, and into these fractures 
the granitic matter was forced, forming veins which 
can often be traced terminating in fine threads ; so that 
not only was the pressure great, but the fluidity of 
the igneous rock sufficient to pass into small rents and 
crevices."! 

A group of plutonic rocks, consisting of granite and 
syenite protruded through overlying schistose and carboni- 

♦ See Appendix B, on the Logan-stones. 

t Memoirs of the Geological Survey of Great Britain. 
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ferous deposits, and surrounded at their base by Triassic 
strata, forms the range of hills known as Cliai-nwood Fores tj 
in Leicestershire. The highest ridge, Bardon Ilill, i^ crested 
with bare and rugged masses of syenite ; and in various 
quarries opened at the base of the hilLs, interesting sections 
are exposed of the relative poeitiona of the crystalline 
masses and the sedimentary strata. This isolated cluster 
of primary rocks is within a hundred miles of the tertiary 
deposits of the south-east of England ; and at a les5 dis- 
tance from the metropolis than any other plutonic region,* 

30. METAMOKrniSM of Rocks. — The transition from 
granite to porphyritic trachyte p passes through infinite gra- 
dations, but all the modifications appear to be referable to the 
degree of incandescence of the materials, the circumstances 
under which they were ejected^ and their elow or rapid 
refrigeration. An instructive example -of the passage of 
granite into basalt, deaeribed by Dr. Hibbert, will illustrate 
these remarks. Iq one of the Shetland Isles, a bed of basalt, 
extending for many niileSj is seen in contact vrith granite. 
At a little distance from the junction of the rocks^ the 
basalt contains minute particles of quartz, and these become 
larger and more distinct as they approach the granite ; 
hornblende, felsjiar, and greenstone (the latter is a homo- 
geneous admixture of hornblende and felspar) next appear ; 
still nearer, the rock consists of felspar, quartz, and horn- 
blende : and at the line of junction, felspar and quartz form 
a mass, which riiquires but the presence of mica to be 
identical with the granite in which it is insensibly loat^t 

Limestone in contact with schist frequently assumes ^ 
crystalline structure, as if the same agency which bad con- 
verted the clay into scbtst, had extended its iniluence to thn 
overlying calcareous beds. In the Isle of Man, interesting 

* See Excursion to Chamwood Format : Hcdala of Creation, vol. Vu 
p. 974. 

f Edinburgh Joiimal of Science. 
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examples of this transmutation occar. In some instances 
the calcareous beds in contact with the fundamental rock of 
shale, are irregular and perfectly crystalline, but change to 
a stratified disposition, and earthy texture, in proportion 
as they are further removed from the schist In other 
places, the metamorphosis takes place more gradually, each 
bed of limestone {Li^n. 197, a, a, a) losing its stratified 
character, and becoming irregular and crystalline (5) where 
in contact with the schist (c), as is shown in this sketch : 




Lion. 199.— Metamorphism of Limestone from contact with Schist : 
Isle of Man. 

(Dr. Maetulloch.)* 

a, Stratified limestone ; 6, Crystalline limestone ; c, Schist. 

the stratified and unstratified rocks ceasing at length to 
possess any mineralogical distinction. And it is a remark- 
able and highly instructive fact, that while in the stratified 
limestone organic remains occur, they are altogether absent 
in the crystalline mass. 

In the Isle of Anglesea, mountain limestone, full of 
organic remains, may be traced gradually passing into 
* Western Isles. 



§ 31. PKECIOUa STONES- ^^^ 

hardened shale, and finally into homstone, jasper, and 
analcime rock contain mg gstrnets and copper ore, from an 
intrusion of greenstone porphyry^* 

In the Ural mountain Sj which form the dividing crest 
that separates the waters of Europe from those of Asia, the 
effect of metamorpKic action is strikingly displayed. Sir 
Roderick Murchison emphatically remarks, that tho crys- 
talline rocks which form the axis of the anticlinal of the 
Ural chain are for the most part altered Silurian strata. 
"In the short space of a mile, you may walk upon the 
edges of the partially altered beds of grit and schist, until 
you find them converted into amorphous quartz rock, in 
contact with highly crystalline greenstone ; a rock which 
is admitted to be of igneous and intrusive character. 
Coralline limestone is changed into white and green 
marble." f The intense plu tonic action which effected the 
disturbance of the rocks of the Urals, has clearly been the 
cause of the rich mineral production:) of those regions, the 
metallic veins, and the mineralization and metamorpLism 
of the sediment ai7 strata 4 

31. Precious Stones. — Connected with the changes to 
which the metamorphic rocks have been subjected is the 
formation of some of those minerals, which, from their 
beauty, splendour, and use as ornaments^ are termed pre- 
cious stones. The Sapphire and the Orie7ttal ruh^^ or 
red sapphire, which are prized next to the Diamond, and 
almost equal that gera in hardness, are found in trap rocks i 
and the common Corundum^ which is a species of the 
same mineral, and the Emerald, occur in granite. The 
sapphire and ruby are pure alumina crystallized ;% and the 

* Professor Hen slow i TraiiBaction& of the Philos. Soc. of Cambridge, 

t Geology of Russia, p. 35^. J Iljid. 

§ The sapphire affords, by anilysiB, 08-5 of alutuina^ 0*G of lime, 
and 1 of oxide of iron ; the ruby^ &0 of aluminaj 7 of aUex, and 12 of 
oxide of iron. — PkUlips*s Afinrfulo^. 
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supposition that thej have been formed by intense igneous 
action, is not only probable, but is rendered almost certain, 
by the expenments of M. Gkudin, who succeeded in produc- 
ing fictitious rubies, which in every respect resemble the 
natural gems. These were formed by submitting alumina, 
with a small quantity of calcined chromate of potash, to the 
influence of a powerful oxy-hydrogen blowpipe, by which 
the materials were melted into a crystalline mass, that pre- 
sented, when cooled, all the characteristics of the Ruby. 
Garnet, is a well-known precious stone, of a rich brown- 
ish red colour, and is generally found in plutonic rocks ; 
like the ruby, it has also been made artificially, by exposing 
its constituents, silicates of alumina, lime, iron, &C., to - 
intense heat. This experiment throws light on the occur- 
rence of garnets in shale, altered by contact with a dike of 
granite or trap, though altogether wanting in every other 
part of the rock ; a proof that these crystals have been 
produced by the effect of heat on those parts of the sedi- 
mentary deposits which were most exposed to the influence 
of the erupted mass.* 

The production of such crystalline substances, though 
effected by intense heat, probably depends on the action of 
electro-chemical currents induced by the high temperature ; 
since M. Becquerel and Mr. Cross have formed without heat, 
from solutions, by long-continued galvanic action, crystals 
of quartz, arragonite, carbonates of lime, &c. which the 
resources of chemistry had failed to yield, f 

32. Metalliferous veins. — In my description of the 
fissures observable in consolidated strata, I mentioned that 

* Mr. Lyell. 

f '-'Light, Heat, Electricity, Magnetism, Motion, and Chemical- 
affinity, are all conyertible material affections ; assuming either as the 
cause, one of the others will be the effect. These foroes in their 
varied natural action upon the surface of our planet, are continnally 
altering the nature of its external crust." — Lecture on Hie Progress qf 
Physical Science, by W. R. Grove, Esq, F.P.8. 




4 3J. METALLIFfinOTJB VEINSh 

the richest depositories of the mctds occur ]n certain 
cavities termed metalliferoua veins ; which are separations 
in the continuity of rocks, of a determinate width, but ex- 
tending indefinitely in length and depth, and more or less 
filled with metallie and mineral substances of a different 
nature from that of the masses they traverse* These natural 
stores of hidden treasures are not confined to any epoch or 
formation, nor to any tracts of country ; they are, howeveTj 
most abundant in rocks that have been exposed to intense 
igneous action, hence their prevalence in the plutonic : but 
veins of iron, copper, areeniCj silver, and gold, also occur 
in tertiary strata {ante^ p, 284)* 

Some veins are evidently fisaures of mechanical originj 
having been opened by elevatory forces ; in many instances 
they have been filled from beneath by the sublimation of 
metalliferous matter by lieat j and in others fj^om the surface^ 
by infiltration, or by various materials deposited by streams, 
which have flowed into them. But in general, the veins are 
connected by a gradual minei-al transition with the contiguous 
rock, and appear to have resulted from an electro-chemical 
separation, or segregation, of certain mineral and metallic 
particles from the enveloping mass, while it was in a soflt or 
fluid state, and their determination to particular centres. 
The nature of these veins receives illustration from the 
nests of spar and other minerals common in masses of trap, 
and in which there appears to have been no possibility of 
the introduction of any foreign substance from without. 

From the observations of M. Fournet in the min^ of 
Auvergne, it seems probable that in many instances sulpbu- 
rets of iron, copper^ lead, 21 nc, sulphate of barytes, and other 
minerals, have been introduced at diflei-ent periods^ by 
electro-chemical action, accoTOpanicd hj new fractures and 
dislocations of the rocks, and the widening of previous fis- 
sures.* The observations and experiments of Mr. Fox add 

*- Mr. Ljelfe Antiiversary Address. 
VOL. II. 3 L 
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great weight to the hypothesis which explains the filling up 
of metallic veins bj electrical agency. M. Becquerel re- 
marks, that when a vein is filled either wholly or partially, 
the transfusion of water from the surrounding rocks would 
bring electric forces into play, and give rise to decomposi- 
tions and new combinations of mineral matter. The sepa- 
ration of pure metal from solutions of metallic salts, by 
galvanic action, — a process familiar to everyone, under the 
name of the electrotype^ — and from the ore by a modification 
of the same force, exemplifies the nature of those changes 
by which native gold, silver, copper, &c. may be produced 
in the interior of the earth.* 

There appear to be certain associations of metallic sub- 
stances in the veins ; as, for instance, iron and copper, lead 
and zinc, tin and copper ; and those ores which are combined 
with a similar base, as sulphurets, carbonates^ phosphates, 
arseniates, &c. are commonly found together.f The follow- 
ing list shows the geological distribution of a few of the 
chief metals. 

TVn— generally occurs in quartz yeins trayereing granite and schiai 
It has not been discovered in a native state, but is commonly 
found as an oxide, and rarely as a sulphuret. The ores of this 
metal are of great hardness and specific gravity, and are termed 
tin-stone. Wood-tirif so called from its fibrous stmcture, and 
stream-tinf are found in the beds of streams and rivoleta : they 
are the alluvial detritus of tin-veins that existed in rocka nov 
destroyed. The atanniferom gravel of Cornwall is the debris of 
pre-existing rocks traversed by tin-veins, and has been formed 
in the same manner as the auriferous alluvia of Bussia. The 
mines of Cornwall are the most productive in Europe, and hflTe 
been worked from the remotest historical periods. The Tyrians, 
as early as the time of Moses, imported tin from that district 

* M. Becquerel has succeeded, by the permanent action of electrical 
currents only, in separating the metals of silver, lead, and copper, from 
their ores. The electro-chemical apparatus employed consisted rimply 
of iron, a concentrated solution of sea-salt, and the ore of the metal 
properly prepared. See notes to Dr. Buckland's Bridgewater Essay. 

t Professor Phillips. 



§ 33. WEf AL8. 

Lead.— The orea of tkifi metal are vety numeroua : and the stilphTiret 
of lead, or galena^ occurs in primary and i*ccondary rocka. Iji 
Derbyshire, the principal veins of lead are in the carboniforoua 
limestone. 

Copper— is found in primary and secondary rocks, and in raodem 
deposits ; it often occurs native^ that la, in a pure metallic etste, 
in blocks many tone in weight : its ores, or t'omlilnationB with 
other metals iind minerals, are very numcroua. Corawall is the 
principal Europfan repository of this metal. 

QqI(j[ — exists in grauito and quarfcz rocke. The gold found in the 
mud and sands of rivers bas been deriTcd from Toins of that metal 
which existed in rocks, Bubsequently broken up and disin- 
tegrated : such i^ the origin of the auriferous Banda and aJluTia 
of Russia, which vro shall presently describe. 

Silver. — This metal ia found in transition and primary rocks ; often 
native, but generally in ores associated with arsenici cobalt, kc. 
Sulphuret of silver (a combination of metallic silver and sulphur) 
is the most common ore of thii* metal. Masses of puro ailvcfj 
2001b8. iu weighty have been found in Norway, The rich 
Mexican silver and gold mines are in porphyritie rocks* 

Platinum — oecitrs in the Ural Mountainfi. This metal combines 
the lustre of gold and silver with incomparable hardneM* 
A vein hn& recently been discovered in metamorphic roeks, in 
the Valley of Drac, in the Department of Is&ra 

Mercury or Qukksilvcr—ii^ found always liquid when in a metallic 
state; it is gcuGrally obtained from Cinnabar, which is a 
sulphuret of mercury, and forms beds and veins in gn<;i9s and 
schist; and in strata of t.bo earbonvferous cpoeh. Tbo minima of 
Idria in CamioU arc tho most prodnotive in Europe. 

Iron. — The almost universal presence of the ores of iron, and the 
infinite variety of its combinations, ^o too well known to 
require description. Native iron is sometimes found in rocks ; 
but from tho rapid oxidation of this metal when exposed to air 
or moisture, it is seldom met with, except in meteoric stones 
{ante, p. 60). 

I will concisely notice a few interesting conditions of some 
of these metallic substances. 

33. AuRiFEnoLFs Allutia op RcBsiA. — In the highly 

valuable work of Sir R, Murchison, "The Geology of 

Russia," there ia an extremely interesting description of the 

auriferous alluvia which annually yield a vast amount of 

3 L 2 
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gold and platinum to the Russian government* These 
metals are obtained, bj washing, from the alluyial deposits, 
which also abound in the bones of mammoths and other 
huge extinct pachyderms (seean^^, p. 154), The gold and 
platinum have evidently been derived from metalliferous 
veins that existed in the rocks of the Ural mountains, before 
that chain was elevated above the reach of alluvial action. 

" The auriferous shingle, with its sub-angular fragments, so cotau 
pletely resembles the detritus of lakes, and is so unlike the gravel of 
sea-shores, that, independently of the absence of any marine remuxiB 
whatever all along the immediate eastern flank of the Ural Mountiim^ 
there can be no hesitation in believing that the gold detritus was 
accumulated during a terrestrial and lacustrine condition of the sorfiue. 
Previously to the elevation of the Urals to their present altitude, they 
constituted a moderately elevated region, which formed the edge of an 
eastern continent, inhabited by the mammoths and their assooiaieB. 
The extensive areas now covered by auriferous detritus, were' probably 
then occupied by lakej3, into which were drifted, in the course of ages, 
the bones of the large extinct mammalia which inhabited the sarround- 
ing plains and hills, and the detritus of the rocks and strata. The 
sudden upheaval of the Ural crest, which has evidently taken plaee 
in a comparatively recent period, broke away the barriers <^ the 
lakes, and elevated some masses of their shingly bottoms and shorei 
into irregular mounds, which subsequently became desioeated, and 
now constitute the auriferous alluvia."* 

34. Cupreous deposits. — An illustration of a metallic 
deposit by the effects of chemical action, without the agency 
of heat, is afforded by a singular formation of copper ore, 
which occurs in New Brunswick. In a bed of lignite^ 
which is covered by a few feet of alluvial soil, and rests on 
a conglomerate, the precise nature of which is not stated, 
there is a nearly horizontal layer of green carbonate of 
copper, about eight inches in thickness. The ore ia dis- 
seminated through the lignite, in the same manner as me- 
tallic ores are usually blended with their accompanying 
vein-stones. This bed bears a close analogy to the modem 
* See the Geology of Russia, vol. i. pp. 485 — 487. 
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cupreous deposits of Anglesea, andof some paJrtsof Hnngmiy 
and Spain, where, at the present tiin6» water charged witli 
copper in solution, is by the introduction of iron made to 
precipitate the former metal. From the stratum of lignita 
occurring with the copper, and the mode in which the latter 
is interspersed throughout the mass, it appears that the 
water in which the vegetable matter floated, was at the same 
time saturated with a solution of copper, and that both tiie 
organic and mineral substances subsided to the bottom- 
together, and formed the singular compound deposit under 
consideration ; over which, probably at a subsequent period, 
the alluvial covering was drifted.* 

Near Perm, in Russia, rich cupriferous grits occur, asao* 
ciated with thin seams of coal and abundance of toml 
vegetable remains. The copper ores are frequently found 
arranged around and in the interstices of ibk stems and 
branches of the fossil plants, exhibiting a passage from the 
common oxide of copper to the grey sulphuret, or copper 
pyrites ; and occasionally to bright green acicular malachite^ 
mixed with crystals of the blue copper ore.f 

The beautiful green carbonate of copper, known by the 
name of malachite, has been produced from a cupreous 
solution by the successive deposition of the metallic car- 
bonate in a stalagmitic form, like the calcareous spar of 
limestone caverns.! 

35. Transmutation of Metals. — The varied trans- 
mutations which metallic substances undergo in their 
passage from one combination to another — ^from their con* 
dition in the ancient rocks, to that in which they appear in 
later formations — involve many curious and highly into* 
resting phenomena. 

The transmission of iron from great depths to the surface, 
in a chemical form by means of chalybeate springs, from 

* Mining Eeview, vol. iv. No. 4 : by Frederick Bnnr, Ssq. 
t Geology of Russia. t Ihid. vol. i. p..875. 
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deposits in which that metal was mechanically diffbsed; 
and the formation of bog-iron, and of iron-stone, through 
the agency of vegetable matter {antCy p» 739), are familiar 
examples of these changes, and have suggested to Mr. Hugh 
Miller one of his happiest illustrations. " How strange, if 
the steel axe of the woodman should have once formed part 
of an ancient forest ! — if, after first existing as a solid mass 
in a primary rock, it should next have come to be diffused 
as a red pigment in a transition conglomerate (ante^ p. 757) 
— then as a brown oxide in a chalybeate spring — then as t 
yellow ochre in a secondary sandstone — ^then as a component 
part in the stems and twigs of a thick forest of arboraceous 
plants — ^then again as an iron carbonate slowly accumulating 
at the bottom of a morass of the Coal-Measures-^then as a 
layer of indurated bands and nodules of brown orCi under- 
lying a seam of coal — and then, finally, that it should have 
been dug out, and smelted, and fashioned, and employed for 
the purpose of handicraft, and yet occupy, even at this stagey 
merely a middle place between the transmigrations which 
have passed and the changes which are yet to come !"• 

36. Review op the Htpogene rooks. — Enough has 
been advanced to convey a general idea of the characters 
and relations of the primary rocks, and of the changes 
induced on contiguous sedimentary deposits by their influ- 
ence, when injected or upheaved in an incandescent state: 

The traces of stratification — a structure which we have 
seen is characteristic of aqueous deposition — are evident 
in the uppermost metamorphic rocks ; and there is also a 
distant analogy to the alternate depositions of secondary 
beds, in the succession of different mineral masses, as gneiss, 
mica-schist, quartz rock, &c. But in the lowermost term 
of the series, the granite, even these apparent relations to 
the stratified formations are altogether wanting ; and in the 
amorphous masses, veins, and dikes, we see the effects of 
* The Old Rod-BandBtoue, p. 260. 
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long-continued and intense heat, produced oiider ciromn* 
stances which have given to the resoltiiig roeks a verj 
peculiar character. 

The transmutation of chalk into crystalline marbto-H»f 
loose sand into compact sandstone— of argillaceoiis slate 
into porcelain jasper— of coal into anthracite-— of anthradle 
into shale and slate — of slate into micaceous schist-^-of mi* 
caceous schist into gneiss and granite-— of the latter into 
trap — and so forth — together with the characters presented 
by the mineral products of existing volcanoes, prepare the 
mind to receive without surprise the assertion of an eminent 
geologist and chemist, M. Foumet ; that all the pHmairtf 
rocks are probably sedimentary deposits metamorphose hff 
igneous action; * this opinion, however, is but a modificatioa 
of that long since expressed by our illustrioug coontrymai^. 
Hutton. 

There is one striking deduction which M. Foamet hag 
drawn from the mineralogical character of these rooka^. 
namely, that those masses which, according to our chemical 
knowledge, would require the most intense and long-con- 
tinued incandescence for their formation— 4. e. those in 
which quartz largely predominates — are precisely those- 
which from their geological position must have been longest 
exposed to such an agency ; hence, in granite the founda- 
tion rock, quartz, which is the most infusible and refractory. 
material, largely prevails. The possibility of an earth being 
converted by intense heat ino the hardest and purest crystal, 
was shown in the formation of fictitious rubies (p. 866). To 
the granite succeed rocks in the exact order of their con- 
taining less quartz, and being therefore more easily fosible 
— as granite with a large proportion of felspar, porphyry,. 
serpentine, mica-schist, and clay slate.f J£ we take these 

* The general reader will find an interesting acconnt of H. Foar- 
net's theory in Jameson's Edinburgh JoumiU, No. 47, p. 8. 
f Jamesou's Edinburgh Journal, No. 47. 
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phenomena into consideration, tc^ether with the facts pre- 
viously stated, of the transmatation of one substance into 
another by the effect of caloric, it appears to me, that in 
the present state of our knowledge we are warranted in 
concluding, that all the granite and associated plutonic 
rocks that are accessible to human observation, are nothing 
more than sedimentary deposits altered by igneous agency. 

But from what source were the most ancient granitic 
rocks derived — whence originated the materials upon which 
igneous action exerted its influence, and produced those 
crystalline masses which are the Ultima 2%ufe>of geological 
research ? Was granite, as Humboldt has supposed, the 
basis or framework upon which the first aqueous sediments 
were deposited ? — These are questions which in the present 
state of our knowledge we are not in a condition to solve ; 
and it does not appear probable, that vestiges of the first 
dawn of creation upon the surface of our planet will ever 
be revealed to mortal eye. 

37. Organic Remains in the Metamorphic Bocks ? ? 
— I have stated, that with the lowermost of the slate rocks, 
all traces of organization are lost ; but this assertion re- 
quires some reservation, for, as an eminent geologist has 
remarked, "with the exception of granite, probably no 
rock is known beneath which organic remains may not be 
found."* Let us here resume the inquiry. 

From the intense heat to which the metamorphic rocks 
have been exposed, we cannot, of course, expect to find any 
organic remains, except such as are formed of materials 
capable of resisting the effects of that influence. The ob- 
servations and experiments of the Rev. J. B. Reade have 
shown, that vegetables possess a structure which is com- 
posed of silex, and is indestructible in a conunon fircf In 

* Macculloch's Western Isles, p. 514. 

t See Appendix, to this volume, C, for Mr. Reade*B obierrstionsaiid 
experiments on this subject. 
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animals, we seek in vain for an elementary iimae capable of 
resisting the powerful influence of heat, except in those 
minute beings, the Infusoria, which secrete siliceous cases 
or shells. The shields of these animalcules, and the tis-* 
sues of some of the zoophytes, are, indeed, the only animal 
structures that can escape destruction, in rocks snbjected 
to the effects of a high temperature ; for it is dear, that 
if calcareous skeletons were exposed to intense heat^ all 
traces of organization would be obliterated. It would 
therefore be hopeless to expect any indications of animal 
organisms, except of those that were siliceous, in rocka 
where even the lines of stratification are melted away. 

M. Ehrenberg, to whom we are so greatly indebted for 
opening this new field of inquiry, has discovered the 
remains of Infusoria, not only in aqueous but also in yolcanio 
products. The ferruginous or ochreous film or scum, seen 
on the waters of marshes and of stagnant pools,* or collected 
at the bottom of ditches, sometimes forming a red or yel- 
lowish mass many inches thick without any comnstence, 
which divides upon the bare touch into minute atoms, and 
when dried resembles oxide of iron, is found to be wholly 
composed of the shields of animalcules (GaiUoneUaferrU" 
ginea) : and the formation of bog iron-ore is supposed to 
be in a great measure dependent on these animals. A fer- 
ruginous mass from a peat- bog, " which appears to have 
owed its origin to the action of volcanic heat at the bottom 
of the sea, entirely consisted of shields of Namctdm.^ The 
semi-opal, and the tripoli of the tertiary deposits, are 
wholly composed of fossil remains of this kind ; and Ehren* 
berg distinctly states, that while in the instances above 
mentioned, there cannot be the least doubt of the nature of 
the organic remains, in the semi-opal of the SerpenHne of 
Champigny, and in the precious opal of the porphyry^ he 
has detected bodies so exactly similar, that although at 
present he hesitates positively to affirm that they arQ 
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organic, ho can scarcelj entertain any donbt upon the 
sabject. 

38. Chronologt op MouNTAiN-CHABsrs. — We have 
seen that the intrusions of molten rocks have not only 
altered the chemical nature of the strata through which 
thej were 'erupted, but have also changed their positions 
and relations, and produced corresponding modifications in 
the physical geography of the dry land ; having in some 
instances transformed plains into monntain-peaksy and 
in others occasioned the subsidence of elevated regiooB to 
the bottom of the ocean. As these changes took place at 
various epochs, separated from each other by periods of 
repose, sometimes considerable, sometimes brief, it is mani- 
fest that the existing mountain-chains are of very di&rent 
ages. By a careful examination of the phenomena which 
bear upon this question, the relative antiquity of many of 
the principal ranges has been determined ; or, in other 
terms, it has been ascertained during what geological epochs 
the Alps, Pyrenees, Andes, &c. were elevated above the 
waters. 

My observations on this subject must, however, be 
restricted to an explanation of the mode of induction 
employed, and a brief notice of some of the results. The 
positions of the older secondary strata in relation to the 
protruded plutonic rocks and the newer sedimentary de- 
posits, are the principal data by which this problem may 
be solved ; for, as the secondary and tertiary formations 
have been deposited in directions either nearly or entirely 
horizontal, it is obvious, that when they are found highly 
inclined, and in contact with mountain nMisses of primary 
or volcanic rocks, the latter must have been protruded 
since the sedimentary were formed, and of course during 
the secondary or tertiary epochs, as the case may be. On 
the contrary, if we find other strata in contact with the 
same masses, but only touching them with their edges, or 
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encircling their base in an un con form able position, it is 
evident that the mountaiDs must have been elevated 
before the formation of the latter deposits. 

It is by cautious inductions of this kind, that a distin- 
guisbed savant, M< Elie de Beaumont, has shown, — ^L 
that the mountain-chains of Erzgebirgj in Saxorj, and of 
the C6te d'Or, in Burgundj, are newer than the Jura lime- 
stone, but older than the greens and and chalk. 2, That 
the P3rrenee3 and Apennines are of about the eame age 
with the chalk formation, 3. That the western part of the 
Alps is of later origin thaa the older tertiary formationSj 
and was raised up after the last of the newer pliocene were 
deposited- 

The Caernarvon chain was elevated anterior to the 
deposition of the mountain limestone, for the latter wraps 
round it like a mantle.* 

Professor PhilLipa infers^ that when the Grampian hilTe 
sent forth streams loaded with detritus to straits where 
now the valleys of the Clyde and Forth meet, the greater 
part of Europe was beneath tlie sea. For the Pyrenees 
and Carpathian mountains are younger than the Grampians 
and the Men dip hills. 

That the sydden protrusion of such immense masses as 
the Alps or Pyrenees from the bottom of the ocean, must 
have dislodged va=5t volumes of water, and created a series 
of waves high and powerful enough to cause transitory but 
destructive jnundadons over such portions of the adjacent 
dry land as were only a few hundred feet above the level 
of the sea, cannot be doubted ; but if the elevatioos were 
gradual, such effects would take place only in a very slight 
degree. 

39. Systems of Elevation* — From the facts and ob- 
servations that have been adduced^ it is siifiiciently obvious 

* rrofuaaor Hedgwick. 
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that prodigious masies of granite and other hjpogene rock^ 
have been raised into ridges and mountain-chain s, at Tarioos 
periods, and long after their first formation and subsequent 
consolidation. In many cases the protrusions are local 
and of comparativelj small extent, at least so far as their 
distribution on the surface is concerned ; for very distant 
isolated peaks of plutonic matter may have a deep-seated 
connexion. But in other instances the elevatorj force has 
embraced a vast area, and entire mountain-chains have been 
simultaneously and permanently lifted up, and now remain 
in parallel ranges ; the subordinate parts of any one period 
or system of elevation, being in accordance as to position 
and direction with the principal upheaved masses. Admit- 
ting the general correctness of these views, it follows that 
mountain-ridges composed of vertical or highly inclined 
beds, emerging from beneath horizontal deposits, must 
have been thrown up subsequently to the deposition of the 
latter : and that their upheaval was succeeded by a long 
period of repose, during which the flanks of the moim- 
tains beneath the sea were covered by the horizontal sedi- 
ments ; the latter, elevated above the waters, by subsequent 
movements, now form the fertile plains which surround the 
base of the Alpine districts. 

Professor Sedgwick remarks, that if we admit that 
the higher regions of the globe have been raised from 
the sea by any modification of volcanic force, we must 
also admit that there have been many successive epochs 
of extraordinary plutonic energy, separated from each 
other by long periods of repose.* The sudden forma* 
tion of mountain -peaks by violent upbursts of sub- 
terranean force, may be regarded as paroxysmal efforts 
of the expansive power, by whose long-continued and 
imperceptible action the elevation of continents, and of 

* Anniversary Address to the Geological Society, for 1881. 
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ertoiulve are&B of the bed of the oc^sflu^ 15 gradually 
effected.* 

40* Tnz Ckhzvomxsf Yaixey, — The British Islnnds 
aflfbrd striklnfr iUuatrftttonfl of the long-contiimed pur nil el - 
ism in the direction of the dbttirbing forcei. The great 
Cftledonian Yalleyor Glen extends through Scotland almost 
in a straight linOj from S.W. to N.E, from near Lismore 
Island to Fort George in Moray Frith ; a diatiince of more 
than a hundred mil^. This mttgnificent glen, with ita 
ejstem of rectiiinear locha or lakes, and friths, has been 
produced by a wedge-shnped ridge of gneiss having lieen 
upheaved in a aolid mass, and forced through the etratificd 
depo«ita which now abut against it in highly incline' J po^ 
sitions* That thia vast ridge of pi u tonic matter waw in the 
state of a hard rock when elevated, ia inferred from there 
being no interpolation a of volcanic products lunong tho 
contiguous Devonian strata ; and from the latter manifesting 
no indiqations of the changes which would Iiave been in- 
duced by in teniae heat. Hence the sharp mountain-ridges 
and peaks of these Alpine regions, the precipitous glen**, 
the narrow passes, and the deep lochs studded widi ialandaj 
presenting every variety of combination and contrast of 
roek, and wood, and water, which constitute the sublime 
and magnificent scenery of the Highlands* 

Now, hy a reference to a geological map of England and 
Scotland, it will be seen that the principal mountains or 
ridges of elevation of these countries^ extend in a line nearly 
pandlfl witli i\w dirpction of the Caledonian V id ley, from 
the Atlantic to the German Ocean. As, for example, the 
Grampians, which have thrown up the Peyonian strata on 
their southern flank ; the nearly parallel range of the 
great coal-field of Scotland; the Cumbrian and Silurian 

* See Mr. BakewelVs sagaciooB oommentaiy on tliif qneBiion 
Introduction to Geology, p. 531. 
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of the south of Scotland ; and successivelj the prindpal 
secondary groups of England. '^ In aU," as Mr. Miller 
observes, " there is an approximation to paralleliflm. with 
the Caledonian Valley, affording proof that this was the 
general direction of the elevatory force, during all the im- 
mensely-extended term of its operations, and along the entire 
length of the Island.'' • 

41. Structure op Ben Nevis. — Though all granitic 
rocks are of the same general character as to struetnre, 
composition, and formation, they belong to different epochs; 
and when in juxtaposition, or intercalated with sedimen- 
tary beds, their relative age may be determined as we have 
previously explained. Even when these aids are wanting, 
different epochs of eruption are sometimes indicated, by 
variations in the mineral aspect of the rocks; and I will 
conclude this subject with a short notice of a highly illos- 
trative example. 

Ben Nevisy the monarch of the Scottish mountains, is 
situated on the southern border of the great Caledonian 
Valley, suddenly rising up in imposing grandeur from the 
low country, to an altitude of 4,370 feet above the level of 
the sea. The base and lower portion of the mountain are 
composed of gneiss and mica-schist ; above and within which 
is a zone of granite ; and within the latter, and rising out 
of it, is a central, naked, rocky prism of porphyry, which 
is the nucleus^ and forms the highest peaks of the moun- 
tain. 

The inference as to the relative age of these three dif- 
ferent masses of plutonic rocks from their order of super- 
position, is the very reverse of that deducible from such an 

» The Old Red-sandstone, p. 105. " It is a fact not unworthy of 
remark, that the profound depths of Loch Ness were affected by the 
great earthquake of Lisbon in 1755 {ante, p. 809) ; and that the impulse, 
true to its ancient direction, drove the waves in long furrows to the 
north-east and south-west."— See Appendix, D. 
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assemblage of sedimentary strata. In the present case the 
outer or overlying gneiss and mica-schist that envdope 
the lower region of the mountain are the most ancient; the 
granite is the next in age, having protmded through, and 
upheaved the gneiss ; and the central nucleus of porphyiy 
is the youngest, or last erupted rock, having been jforoed 
up through the dome of granite. These three phases of 
plutonic action may have taken place at different and very 
distant periods ; in like manner as the beds' cf tuff and 
scoriae of Vesuvius or Etna, ejected a thousand years ago, 
may be upheaved and traversed by the modem emptioiis 
of incandescent lava. 

42. Retbospeot. — I now approach the termination of 
this argument, and it will be instructive to review the 
phenomena which have passed before us, in order tiiat we 
may retain a clear conception of the leading principka and 
inferences that have been enunciated. I shall, therefore,^ 
in the first place, offer a summary of the most important 
changes which have taken place in tiie animal and v^e^ 
table kingdoms, and in the physical conditions of the 
earth's surface, during the vast periods which our investi- 
gations have embraced ; and conclude with a retrospective 
survey of the effects of vital action in the elaboration of the 
solid materials of the crust of the globe. 

With the view of recalling the principal &cts, I now place 
before you the series of Illustrations employed in these 
Lectures, that you may perceive at a glance the striking 
contrast presented by the Faunas and Floras of the respec- 
tive geological epochs.* In the first stage, traces of the 
existing species of animated nature were everywhere appa« 

* The reader may realize this idea by refenhig to the illostnUons 
of these volumes, commencing with the fossil human skeleton {€mi^ 
p. 88), and proceeding from the large TnamTnalia (pp. 151^ 178), to the 
last of the series, the fossils of the palseoasoic deposits (pp. 799, 781^ 

790). 
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rent ; and works of human art, with the bones of man and 
the remains of contemporaneous animals and vegetables, were 
found in the modern deposits. In the preceding era (the 
Eocene tertiary) many existing species and genera, of plants 
and animals, were absent. Large terrestrial pachjdermata 
greatly predominated, and the vegetation was principallj 
of a character referable to temperate and intertropical 
climes ; while the seas abounded in fishes, crustaceans, and 
mollusca, as at the present time. 

The next epoch (the Cretaceoiui) presented one wide 
waste of waters, teeming with the general types of marine 
beings, but of different species and genera to those of the 
later eras, and bearing a large proportion of extinct 
cephalopodous mollusca. Algse and fuci made up the 
marine flora; and drifted trunks of conifersB and dico- 
tyledonous trees, and a few reptiles, were the only indica- 
tions of the dry land and its inhabitants. The delta of a 
vast river now appeared (the Wealden\ containing the 
spoils of an extensive island or continent ; and the remains 
of colossal reptiles, and of extinct tropical plants, marked 
the era of the country of the Iguanodon. 

We were then conducted to other seas (the Oolite and 
Lias), whose waters abounded in fishes and mollusca, and 
were inhabited by marine reptiles, wholly unlike any 
that now exist ; while the dry land was tenanted by en- 
ormous terrestrial and fiying reptiles, marsupial animals and 
insects, and possessed a tropical flora of a peculiar cha- 
racter. 

The succeeding era disclosed extensive regions, covered 
by a luxuriant vegetation (the Carboniferous) ; with groves 
and forests of palms, arborescent ferns, and coniferas, and 
gigantic trees related to the existing club-mosses and equi- 
setaceae; the numerical preponderance of the flowerless 
plants, constituting a botanical character imknown, with 
but one exception, in modem floras. The ocean abounded 
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in mollusca, radiaria, and Crustacea, of genera and species, 
unlike any that previously appeared. 

We advanced to other oceans (the Pal(SOzoic\ swarming 
with polyparia, mollusca, radiaria, and fishes, which bore 
some analogy to those of the preceding seas, but belonged 
to different genera : and containing interspersions of cryp- 
togamous plants, and relics of a terrestrial flora related to 
the carboniferous. But as we proceeded in a descending 
order, traces of animal and vegetable existence became 
less and less manifest, and were at length reduced to a 
few shells, corals, and sea- weeds ; these finally disappeared, 
and dubious vestiges of infusoria were the last indications 
of organic life. 

43. Successive changes in the organic kingdoms. 
— If we reverse the order of our retrospective survey, and 
pass in succession from the most ancient to the modern 
deposits — from the regions of sterility and plutonic action, 
to those in which animal and vegetable life were profusely 
developed — ^we obtain the following results : — 



Geological For- 
mations. 



Character of the Fossil 
Fauna. 



Hypchjene rocks . Infusoria . 



Cumbrian 

SYSTEM 

Silurian 

SYSTEM 



Carboniferous 

SYSTEM . . 



VOL. II. 



! Corals and shells, (brachio- 
poda) 



Character of the Fossil 
Flora. 

[ No traces of vegetable 
I matter. 



Fuel? 



(Corals, crinoidea, ortliocera, ^ 

! and other shells ; TrilobiteSj J Fuci. 

V Fishes . 



Corals, crinoidea, cephalo- 
poda, shells, both marine 
(chiefly brachiopoda) and 
fresh- water; trilobites. In- 
sects, sauroid Fishes, Rep- 
fifrs ? Birds ? ?? . . . . 



V 



Many hundred spe- 
cies of plants ; the 
vascular cryptoga- 
mia largely deve- 
loped. Palms, tree- 
ferns, coniferse. Di- 
cotyledonousplants 
very rare. 



3 M 
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Geolo-jirnI For- 
mations. 



Secondary for- 



Character of the Fossil 
Fauna. 



Chaneter of the Foatfl 
Flora, 



Palms. 
Tree-ferns. 



Tertiary 



^loDERK EpOTII 



Corals and Bhells of all orders; ^ 
crinoidea, fishes, insects, be- 
Icmnitcs, ammonites, &c. 
Rf'ptiles, both marine and ;;'^;«™»- 
terrestrial, of numerous ge- 1 ^0°^^™. "»d Cy- 

J • J r cadesB. 

nera and species : and many t^,. , , . 
of gigantic size. Twoorthrce I>"»tyledonon8 trees 
genera of Mammalia : and 
one of Binls — Anha? . . 

(Tei-restrial herhivoroiis and 
carnivorous Mamwalia. The 
numerical proportion of rep- 
tiles comparatively small. 
Monkey A, Birds, Fishes, and 
all the existing orders . . 

f]MAN, and contemporary ani- ^ The existing vegeta- 
mals j tion. 



Dicotyledonous trees 
prevail; conifersB; 
palms, tree-ferns, 
&c. 



Tills sketch presents but an outline of the most striking 
changes observable in the succession of organic beings pre- 
served in the respective formations. In this view — setting 
apart the infusoria — a few fuci, moUusca, and poljparia, are 
the first evidence of organic existence ; these are followed 
by a large increase of the same orders, and the addition 
of crinoidea, Crustacea, and fishes ; in the succeeding period 
reptiles and insects appear, with sauroid fishes, and an 
immense development of vegetable forms, particularly of 
the cryptogamic class. Large reptiles next prevail to an 
extraordinary d(»gree ; and doubtful indications of birds, 
and a few very small mammalia, attest the existence of the 
higher orders of animals. The vegetable kingdom is greatly 
modified ; and plants and trees of the coniferous tribes 
preponderate. The next remarkable change is in the sudden 
increase of mammiferous animals, and the reduction of the 
reptile tribes ; the large extinct pachydermata, as the 
mammoth, mastodon, &c. associated with existing genera 



Silurian 
Epochs 



Carboniferous 
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and species, first appear. From this period to the creation 
of Man, there are no striking general modifications in the 
various orders of animal and vegetable existence. 

Hence, according to our present palaeontological know- 
ledge, the first appearance of certain classes and orders of 
animals was in the following chronological order : — 

Fishes ; principally heterocercal forms. 
^ , , f Mollusca. 

Cambrian and j Crustacea. 

Invertebrata< Annelida. 
I Kadiaria. 
\ Polyparia. 
( Reptiles]] {ante, p. 742). 
\ Insects. 

Permian . . Reptiles. 

/-Fishes; homocerccd. 
Triassic . . . ' Birds 1 ] ] — inferred from bipedal imprints of dabious 

[ origin (ante, p. 556). 

( Mammalia : a few very small forms, of two or three 
Oolite • • • | genera {ante, p. 510). 

( Birds] — a few detached bones {ante, p. 440). 
EALDEN . . I rpgj.j.^,g^j.jg^| hcrbivorous saurians. 

! Mammalia, Cetacea, and Birds, of different orders. 

POST-TERTIARY . Man. 

It is worthy of remark that the Invertehrata first appear in groups, 
and the Vertebrata in single orders ; and that no land shells, nor any 
large herbivorous terrestrial animals, except the Iguanodon, occur in 
strata older than the Tertiary. 

It was from this apparently successive development of 
living beings, from the most simple to the most complex 
organizations, that the geological theory which once pre- 
vailed took its rise ;* but I scarcely need remark, that the 
facts w^e have stated warrant no such inference : for many 
of the fossil animals which appear in the most ancient or 

" See Organic Remains of a Former World, vol. iii. p. 449. 
3 M 2 
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earliest strata, belong to orders having a highly developed 
organization. Nor does the vegetation of those remote pe- 
riods lend any support to such a hypothesis ; fungi, lichens, 
hepatiese, and mosses, do not form the flora of the palaeozoic 
epochs, but coniferae, and the most perfectly organized of 
the cryptogamic class. 

44. Geological effects op dynamical and chemical 
ACTION. — The physical changes that have taken place on 
the earth's surface, are in perfect harmony with the modi- 
fications observable in animated nature; for the laws of 
mechanical and chemical action are inseparably connected 
witli those which govern vital phenomena; and we have 
incontrovertible evidence, that throughout the vast periods 
over which our observations have extended, the same 
causes have operated, the same effects followed. Thus, 
heat and cold, drought and moisture, and other meteoric 
influences, have denuded the loftiest peaks — rivulets and 
torrents have eroded the sides of the mountain-chains — 
streams and rivers have worn away the plains, and trans- 
ported the spoils of the land into the bed of the ocean — ^the 
waves of the sea have wasted its shores, and destroyed the 
cliffs and rocks which opposed their progress — silt has been 
changed into clay — calcareous mud into limestone — sand 
into sandstone — pebbles into conglomerates and breccia — 
and animal and vegetable remains have been imbedded, 
and added to the mineral accumulations of the past ages of 
our planet. 

Beneath the surface, the action of electro-chemical forces 
has been alike unintermitting — vegetable matter has been 
converted into bitumen, coal, amber, and the diamond — 
earth into crystals — limestone into marble— day into slate, 
and sedimentary into crystalline masses traversed by metal- 
liferous veins ; the volcano has poured forth its rivers of 
molten rock — the earthquake rent the solid crust of the 
globe — beds of seas have been elevated into mountains — 
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subsidences of the land and irruptions of the ocean have 
taken place — and the destructive and conservative influ- 
ences of caloric and of water have been constantly exerted; 
the phases of action have alone differed in duration and 

intensity. 

" Ages have rolled their course, and Time grown grey — 
The earth has gathered to her womb again, 
And yet again, the myriads that were born 
Of her uncounted, unremembered tribes. 
The seas have changed their beds — th* eternal hills 
Have stooped with age — the solid continents 
Have left their place — and Man's imperial works. 
The toil, pride, strength of kingdoms, which had flung 
Their haughty honours in the face of Heaven, 
As if immortal — have been swept away." 

HENRY WAKE. 

45. Strata composed op organic remains. — In a 
previous discourse {ante^ p. 657), I dwelt upon the highly 
interesting subject of the elaboration of calcareous and sili- 
ceous strata from gaseous and fluid elements by vital action, 
and the formation of islands and continents by the agency 
of countless myriads of living instruments. Let us for a 
moment consider how far the present mineral constituents 
of the eartli's crust have been derived from organized beings. 
The strata of vegetable origin consist of peat, of forests 
engulfed by subsidences of the land, or imbedded in the 
silt and mud of rivers and deltas, or in the bed of the ocean 
— of the lignite and brown coal of the tertiary deposits — 
of the coals and shales of the carboniferous strata — and of 
the silicified and calcified trunks of trees in the tertiary and 
secondary formations. 

But the strata which consist wholly, or in a great mea- 
sure, of animal exuviae, are so numerous, and of such pro- 
digious extent, that the interrogation of the poet may be 
reiterated by the philosopher — 

** Where is the dust that has not been alive 1" 
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For there is not an atom in the crust of the globe that 
may not have passed through the complex and marvellous 
laboratory of life ! 

Thus we find that all the varied orders of animals^ from 
the Infusoria up to Man, have contributed, more or less, by 
their organic remains, to swell the amount of the solid 
crust of the earth. The following table presents a concise 
view of some of the most obvious examples of this indispu- 
table fact : — 

KOCKS COMPOSED WHOLLY OB PARTLY OF AnEHAL BSMAlirS. 



Prevailing Organic Remains. 



FonnationB. 



s 



. Trilobites (^""^ 

{Corals, crinoidea, crastaceans,'^ 
shells, &c I 

. Brachiopodous shells .... 

I Carboni- 

, Corals and shells J ferous 

Uystem. 

. Crinoidea and shells 

. Fresh-water mussels — 

. Trilobites, insects, and shells . . — 

• Pentacrinites, reptiles, fishes . , 

• Terebratulae, and other shells . , 

• Fishes, shells, corals .... 

• Shells, principally gryphites 

• TerebratulBB, and other shells . 

. Shells, reptiles, fishes, insects . 
. Crustacea, reptiles, fishes, insects 

{Shells, corals, crinoidea, reptiles,) 
fishes } 

Ammonite limestone . | Shells of cephalopoda, principally) 

V ammonites ) 

Coral -rag Corals, shells, echini, ammonites 

Bradford limestone . .(Crinoidea, shells, corals, cepha-) 

( lopoda j — 

Portland oolite . . J^™°ionites, trigonisB, and other) 
\ shells j 



Trilobite schist . . 

Dudley limestone . 

Shelly limestone 

Mountain limestone 

Encrinital marble 
Mussel-band . . 
Ironstone nodules 
Lias-shales and clayi 
Limestone . . 
Lias conglomerates 
Gryphite limestone 

Shelly limestone . 

Stonesfield slate . 
Pappenheim schist 

Bath-stone . . . 



Lias 



{Inferior 
Oolite 
. Oolite 
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Strata. Prevailing Organic Remains. Formations. 

Piirbeck and Sussex ) ^ 

jjjj^j.]3lg >Fresh-water shells, and Crustacea . Wealden 

Wcalden limestone. jCyclades, and other fresh-water^ _ 

( shells, Crustacea, reptiles, fishes . j 

Tilgategrit (some beds) ^"^^^ J '^^^'^^'> ^'^^'' fresh-water^ _ 

Paringdon gravel . . Sponges, corals, echini, and shells | ^®®?" 

Jasper and chert. . . Shells 

Greeasand Fibrous zoophytes 

Chalk Polythalamia and other animalcules"! 

•^ ( ceous 

{Corals, shells, ammonites, belem-A 

nites, and other cephalopoda- 1 _ 

reptiles J — 

Hippurite limestone . Shells, principally hippurites . . __ 

Hard chalk (some beds) Echini and belemnites .... 

/ Sponges, & other fibrous zoophytes ;'v 

Flints Infusoria, &c l «^ 

(Echini, shells, corals, crinoidea. .J 

Limestone Freshwater shells Tertiary 

Nuramulite rock . . Nummulites 

Septana Nautili, turritellae, and other shells 

Caleaire grossier . . . Shells and corals 

Gypseous limestone . | ^^^^^ ^f mammalia, {PalceotheriaA __ 

( &c.) birds, reptiles, fishes . . .J 

Siliceous limestone . . Shells — 

Lacustrine marl . . (C^Trides, phryganese, fresh-water) __ 

( shells ) 

Morite Bolca limestone Fishes — 

Bone-breccia .... Mammalia, and land-shells ... — 

Sub-Himalaya sand- (Bones of elephants, mastodons,) 

stone |Eeptiles, &c j 

Tripoli Infusoria — 

Semiopal Infusoria — 

Richmond earth . . Infusoria — 

Guadaloupe limestone |^""^^f ^^^^^' land-shells, and 1 Human 

i corals j epoch 

Bermuda limestone . Corals, shells, serpulae, infusoria . — 

Bermuda chalk . . . Comminuted corals, shells, &c. . — 

Bog iron ochre . . . Infusoria ......... — 
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This list might be almost indefinitely extended, for 
I have omitted numerous strata, in which animal remainh 
largely predominate ; and in the tertiary and modem epochf, 
every order of animated nature is found to have contributeJ, 
more or less largely, to the sedimentary deposits ; the boies 
of Man appearing only in the most recent accumulatiois ; 
and, by the geological causes now in action, not only the 
remains of the existing orders of animals and vegetal/les, 
but also works of human art, are daily added to the solid 
crust of the globe. 

46. General Inferences. — Restricting ourselves within 
the bounds of legitimate induction, and forbearing to specu- 
late on those points which rest on insufficient or questionable 
data, we may venture to draw some general inferences as to 
the varying physical conditions of the surface of our planet, 
and of animal and vegetable life, throughout the immense 
periods contemplated by geology. 

From the remotest epoch in the earth's history recog- 
nizable by man, to the present time, we have seen that the 
mechanical and chemical laws which govern inorganic 
matter have undergone no change. The wasting away of 
the solid rocks by water, and the subsequent deposition and 
consolidation of the detritus in strata, and their metamor- 
phism by high temperature: — the subsidence of the dry 
land beneath the sea, and tlie elevation of areas of the 
ocean-bed above the waters, and the formation of new islands 
and continents : — the decomposition of animal and vegetable 
substancf^s on the surface, and their conversion into stone 
or coal, under circumstances in which the gaseous prin- 
ciples were confined ; — the transmutation of mud and sand 
into rock, and of earthy minerals into crystals: — ^these 
physical changes have been constantly going on, under the 
influence of those fixed and immutable laws, established by 
Divine Providence for the maintenance and renovation of 
the material Universe. 
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And although among the sentient beings which have 
from time to time inhabited the earth, we discover at 
successive periods the appearance of new forms^ which 
flourished awhile and then passed away, while other modi- 
fications of life sprung up, and after the lapse of ages, in 
their turn were annihilated ; jet the laws which governed 
their appearance and extinction, were evidently in perfect 
harmony with those which regulate inorganic matter* Every 
species was especially adapted to some peculiar state of the 
earth at the period of its development ; and when the phy* 
sical conditions changed, and were no longer favourable for 
the continuance of that type of organization, it became 
extinct. The creation of Man, and the establishment of the 
present order of things, which we are taught^ both. by 
Revelation and by natural records, took place but a few 
thousand years ago, are events beyond the speculations of 
Geology. 

It follows from what has been advanced, that both animate 
and inanimate nature, linked together by indissoluble ties 
of mutual adaptation, have been governed by the same 
mechanical, chemical, and vital laws, from the earliest 
geological epochs to the present time ; and that the absence 
of the fossil remains of whole orders of animals in the 
palaaozoic ages, although, perhaps, in some measure attri- 
butable to the feeble development of those types of being, 
may have been occasioned by the obliteration of their 
remains in the rocks, from the subsequent effects of high 
temperature : at the same time it must be borne in mind 
that we are examining the beds of ancient oceans, and may 
not yet have explored those parts of their vast abysses in 
which the spoils of the land are concealed. 

47. The Ancient World. — ^With regard to the surface 
of the earth in the ancient periods comprehended in our 
survey, there can be no doubt that its physical geography 
presented the same general features as in later times; and 
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that then, as now, the land was diversified by hills and 
dales, mountains and glens, volcanic peaks, elevated regions 
of perpetual snow, and vast areas of eternal ice,— sterile 
and sandy deserts, and fertile alluvial plains, irrigated by 
streams and rivers ; the only important discrepancy being 
the high climatorial temperature that prevailed over exten- 
sive areas at certain epochs, and the corresponding modi- 
fications in the organic kingdoms.* But even the most 
remarkable anomalies in the terrestrial faunas and floras of 
the palaeozoic ages, are not without a parallel at the present 
time. 

Thus, New Zealand with its peculiar flora,-}" charac- 
terized by the predominance of ferns, club-mosses, &c. to 
the almost entire exclusion of the graminaceous tribes, — 
and its mammalian fauna, consisting of but two very small 
species of quadrupeds (antCf p. 729), — and the bones of 
recently extinct struthious birds, — presents a general 
correspondence with the lands of the Carboniferous and 
Triassic epochs.J Australia and Van Diemen's Land pos- 

* See Appendix E. f See Medals of Creation, vol. i. p. 202. 

J In a general retrospective view of this kind, the minor subdivisionfl 
or formations must, of course, be disregarded ; and while on this snlgect, 
I would direct attention to the following remarks of the late Presi- 
dent of the Geological Society, Leonard Homer, Esq., in his Anni- 
versary Address, for 1847 : — 

" By whatever names we designate geological periods, there appears 
to exist no clearly defined boundaries between them in reference to the 
whole earth : such a marked line may be seen in particular localities, 
but every year's experience, and our more intimate acquaintance with 
the phenomena exhibited in different countries, and with the distri- 
bution, structure, and habits of animals and vegetables, teach ns that 
there is a blending, a gradual and insensible passage from the lowest 
to the highest sedimentary strata, particularly in respect of fossil 
remains. The terms we employ to designate formations, can only be 
considered as expressing the general predominance of certain charac- 
ters, to be used provisionally, as a convenient mode of classifying the 
facts we collect together, whilst that knowledge is accumulating which. 
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sess a flora equally peculiar and extraordinary, and a fauna 
unlike that of any other part of the world, including some 
of the most anomalous of existing forms, as for example, 
that marvellous creature the Ornithorhyncus. These coun- 
tries, in the abundance and variety of the Cycadeaceae, 
Araucariae, &c.— in the marsupial character of the great 
proportion of the mammalia, — and in the terebratulas and 
trigoniae, and the cestraciont fishes, which swarm in the seas 
that wash their shores, approximate in their organic rela- 
tions more nearly to those ancient lands, of which the 
Stonesfield oolites are the debris {antey p. 512), than to any 
of the present regions of the earth. And lastly, we have 
a reflected image, as it were, of the Age of Reptiles of the 
Secondary periods, in the exclusively reptilian character 
of the quadrupeds of the Galapagos Islands ; one species 
of mouse being the only indigenous mammalian.* 

" This Archipelago," observes Mr. Darwin, " is a little 
world within itself : most of the organic productions are 
aboriginal creations, found nowhere else. Seeing every 
height crowned with its crater, and the boundaries of most 
of the lava-streams still distinct, we are led to believe that 
Avithin a period, geologically recent, the unbroken ocean 
was here spread out. Hence, both in time and space, we 
seem to be brought somewhat near to that great fact — that 
mystery of mysteries — the first appearance of new beings 
on this earth." 

Tliese Islands swarm with herbivorous marine reptiles, 
allied to the Iguanidai, which are known in no other part 

in after ages, will unravel the complicated changes that belong to the 
successive periods into which the history of the creation of the whole 
earth may be divided." 

* The Galapagos Archipelago is a group of volcanic islands situated 
under the Equator, and between five and six hundred miles westward 
of the American coas^t. See Mr. Darwin's Journal of a Voyage round 
the World, chap. xvii. 
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of the world, and thej are as completelj distinct from all 
other existing reptiles, as are the extinct Ignanodon and 
Megalosaurus. The flora, too, contains more than a hun- 
dred plants unknown elsewhere. There is not a fauna or 
flora in any of the ancient geological periods that presents 
greater anomalies.* 

The organic relations between the countries above 
mentioned and their geological analogues, may be thus 
expressed : — 

Modern Epoch. Secondabt Epochs. 

„ ^ ( Countries of the Carboniferous and Trituaic periods, 

" ^^ EALA5D . -^ ^ indicated by fossil remains. 

/ The lands whence the Stonenfidd and Carboniferoyt 
AUSTRALIA . . I OoZiVic^^mto were derived. 

r^ ^ ( The Country of the Iguanodon, and the resioDS 

TuE Galapagos 1 ... i. j ^u j /-j. xi. x * j i. ^ • 

. I that supplied the detritus that formed the fluYio- 

Arcuipelago . .J XX 

V manne secondary strata. 

In this point of view the Country of the Iguanodon, and 
the Age of Reptiles, may be considered as merely disclosing 
exjiggrerated effects of the organic law, which imparted to 
the fauna of the Galapagos Islands its reptilian character. 

If the ancient philosophers, ere the discoveries of Colum- 
bus bad opened the New World to the European mind, 
had found in a fossil state such collocations of animab and 
plants as are presented by New Zealand, Australia, and the 
Gala])agos Islands, how impossible it would have been for 
them, by any comparison with existing nature within their 
circumscribed geographical boundary, to have imagined 
tliat such assemblages of animated beings could exist con- 
temporaneously with themselves. In fact, the present 
geographical distribution of animals and plants affords as 
many exceptions to the general rule of climatorial influence, 

• Sec Appendix F. 
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in the relative number and importance of different orders of 
animals and vegetables, as are to be found in the vestiges 
of an earlier world.* 

If we define those areas on a map of the globe, of which 
the geological structure is known from actual observation, 
we shall at once perceive how small a proportion of the 
earth's crust has been examined by the scientific observer ; 
how large a part of the surface above the water is concealed, 
by perpetual ice and snow, and is otherwise inaccessible to 
philosophical research ; and that three-fifths of the entire 
surface of our planet is buried beneath the waves. These 
facts are highly suggestive : — they teach us that notwith- 
standing the immense accumulation of observations made 
in all parts of the earth, the data hitherto obtained are 
insufficient to afford a true picture of the full development 
of organic life, as it existed in the most ancient periods. 

In considering these questions, it must too be remarked, 
that notwithstanding the differences in the general physiog- 
nomy of the earliest and latest faunas, there are certain 
types common to both. Thus, though Orthoceratites, 
Ammonites, Lituites, &c. represent the cephalopodous mol- 
lusks in the paljBOzoic seas, yet these are associated with 
true Nautili ; in like manner, with the extinct brachiopoda, 
the Spirifers, Leptaense, &c. are found species of the still 
existing genera of Terebratula, Orthis, and Lingula. So 
also, in the most ancient tertiary periods, existing species 
of mammalia, and of terrestrial reptiles, were contemporane- 
ously inhabitants of the land with the extinct Mastodons and 
other Pachyderms, and the colossal Tortoises, &c. From these 
considerations we may infer, that throughout all geological 

* See the ingenious maps of the Geographical Distribution of exist- 
ing Animals and Plants, in the delightful work of that accomplished 
authoress, Miss Rosina Zomlin, entitled Researches in Physical Geo- 
graphy, or the Earth as it is. 
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time, the changes on the earth's surface have been subser- 
vient to the same physical and organic laws ; and that the 
paroxysmal terrestrial disturbances, though apparently in 
the earlier ages involving larger areas, and operating with 
greater violence, than the volcanic eruptions and earth- 
quakes of later periods, did not affect the established order 
of organic life upon the surface of the globe; and we may 
also conclude, that throughout the innumerable ages indi- 
cated by the sedimentary formations, there was at no period 
a greater anomaly in the assemblages of animals and y^- 
tables on particular regions, than exists at the present time.* 

48. Corollary. — Thus the general result of our in- 
quiries into the ancient condition of the earth, proves that 
the changes produced by mechanical, chemical, and vital 
agency, whether on the surface or in the interior, have 
been the same as at the present time, throughout all the 
periods revealed by Geology; and as like causes must 
produce like effects, will continue so long as the present 
material system shall endure. 

Hence, deposits now in progress may subside to the in- 
nermost regions of the globe, and from exposure to intense 
heat, under great pressure, all traces of sedimentary origin 
may be obliterated ; and at some future period, these meta- 
morphosed rocks may be elevated above the surface, and 
ap])ear as peaks of granite, or as primary mountain -chains, 
rising from beneath strata teeming with organic remains. 

I cannot, therefore, concur in the generally received 
opinion, that in the most ancient granite accessible to human 
observation, we see the primeval framework of our globe — 

* Hence the so-called Picturesque Sketches of Creation — the An- 
cient Worlds— the Vestiges of Creation — the Romance of Geology — 
and other works of a like nature, are in relation to the philosophy of 
Geology what the historical novels and romances are to History — 
medleys of facts and fictions. 
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the consolidated crust, formed on the surface of a cooling 
planet, and subsequently broken up by the subsidences and 
contractions induced by continued refrigeration. The only 
legitimate inference in the present state of our knowledge 
appears to be this, — that as at a certain depth the beds of 
mineral matter, whether of alluvial or of volcanic origin, 
may become so entirely changed in structure and composi- 
tion as to afford no certain data of their original nature ; 
therefore, for aught we know to the contrary, this world 
may have been teeming with life, innumerable ages ere the 
formation of the most ancient granitic rocks of which we 
can take cognizance. 

49. Final Effects. — In fine. Geology does not reveal 
to us the first creation of animated beings ; it does not afford 
any physical evidence of a beginning ; it does not warrant 
the attempt to explain the miraculous interpositions of 
Providence by the operation of natural laws ; but it unfolds 
to us a succession of events, each so vast as to be beyond 
our finite comprehension, yet the last as evidently foreseen 
as the first. It instructs us " that we are placed in the 
7/iidd''e of a scheme — 7iot a fixed, hut a proffresswe one, — 
every way vicornprehenslble — Incomprehensihhin a measure 
equally rcith respect to what has been, what now is, and 
ivliat shall be hereafter.^'* 

This new volume of Natural Religion which Geology has 
supplied, has been so ably illustrated by the Dean of West- 
minster,! that I need not dwell on the evident adaptation 
of the successive tribes of living beings through indefinite 
periods, to the varying physical conditions of the earth, and 
by which its surface was ultimately fitted for the abode of 
the human race. Thus the infusoria lived and died in 
countless myriads, and produced the tripoli and the opal ; 
river-snails and marine mollusks secreted the marbles, and 
* Bishop Butler. f Bridgewater Treatise. 
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coral-polypes the limestones, with which we construct our 
edifices and ornament our temples and palaces ; and herh, 
plant, and tree, have been converted either into a material 
to enrich the soil, or changed into a combustible mineral, to 
serve as a fuel in after-ages, when such a substance became 
indispensable to the necessities and luxuries of civilized 
man. Hence a new interest has been thrown around every 
grain of sand, and every blade of grass ; and the pebble 
rejected by the Divine as affording no evidence of design, 
becomes in the hands of the Greologist a striking proof of 
Infinite Wisdom.* 

But ought we to rest content in the assumption that all 
these wonderful manifestations of Creative Intelligence 
were solely intended to contribute to our physical necessities 
and gratifications ? — Say, rather, that this marvellous dis- 
play of beauty, power, and goodness, was designed to fill 
the soul with high and holy thoughts, to call forth the exer- 
cise of our intellectual powers, to excite in us those ardent 
and lofty aspirations after truth and knowledge, which 
elevate the mind above the sordid and petty concerns of life, 
and give us a foretaste of that high destiny, which we are 
permitted to hope will be our portion hereafter ! 

50. Concluding remarks. — Having thus endeavoured 
to interpret the natural records of the earth's physical 
history, and traced the succession of geological epochs, each 
embracing indefinite periods of long duration, and the muta- 
tions in the organic kingdoms of nature coincident with the 
varying conditions of the lands and waters — ^mutations 
governed by laws with which we are but very imperfectly 
acquainted — let us finally contemplate the relations of our 
planet to the innumerable worlds around us. For, while 

* Paley. This remark alludes to the celebrated argument of this 
(listiiiguished author, on a watch and a stone, in the first page of hia 
Treatise on Natural Theology. 
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Astronomj suggests that our solar system once exi#t^ ^^%i I 
a diffused mass of vapour or nebolosify, whieh fiassiii;^ ^\^^ 
through successive phases of condensation, at le^igtb sepA- 
rated into a central luminary with its attendant planets uiyl 
satellites (ante^ p. 41); it also instructs us, that it in Lut 
an inconsiderable cluster of orbs in regard to the assembko^e 
of stars to which it belongs, and of which the MUk^wvy 
is, as it were, a girdle, our system being placed in the outer ' 
and less stellular part of the zone.* 

But the astounding thought, that all our visible Universe 
is but an aggregation, a single group of suns and planets, 
which to the inhabitants of the remote regions that can be 
distinguished only by our telescopes, would seem but a mere 
luminous spot, like one which lies near the outermost range 
of observation, and appears to be a fac-simile of our own, 
— impresses the mind with the most intense feelings of 
awe, of humility, and of adoration of that Supreme Beings 
to whom worlds, and suns, and systems, are but as the sand 
on the sea-shore ! 



" Awake, my soul. 



And meditate the wonder ! Countless suns 

Blaze round thee, leading forth their oonntlesB worlds 1 

Worlds in whose bosoms living things rejoice. 

And drink the bliss of being from the fount 

Of all-pervading Love ! What mind can know. 

What tongue can utter all their multitudes. 

Thus numberless in numberless abodes'? 

Known but to thee, blessed Father ! Thine they are. 

Thy children, and thy care — and none overlooked 

Of Thee !" 



Again, when conducted by our investigations to tlie 
invisible Universe beneath us, the MUhy-^may^ and the 

* See Mr. Whewell's Bridgewater Essay. 
vuL. ir. 3 N 
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FuDedrftart oi animil life^ wlucli tihe mienwcope lefob 
to OS, we are alike OT cr p owere d bj tiie nam mi ilrtini of 
the minntest, as of the migfatieBt, of ffis woKkal Jlai % 
as an eminent philosopher has obaerved,oar plaiielaijsjMn 
was gradoaU J erolred from a primeral eonditiQn of wa^Ola, 
and contained within itself the elementB <if ^i^ ^ 
change, still we know, that erery physical 
which has taken place, from first to last, 
the immediate will of the Deity. 



TALEDlCnOK. 

With these remarks I take farewell of the intdligert 
reader, who has accompanied me thiongli this attenmCto 
combine a general view of geological phenomena, wftiii 
familiar exposition of the indactiona by which the kafiif 
principles of the science have been established. And if I 
have succeeded in explaining in a satisfactory manner, hofv, 
by laborious and patient investigation, and the sacoeHU 
application of other branches of Natural Philofloplir, the 
" Wonders of Geology'* have been revealed ; — if I bafB 
removed from but one intelligent mind any pr^ndScB 
against scientific inquiries, which may have been mtff*"^ 
by those who have neither the relish nor the capacity ftr 
philosophical pursuits ; — ^if I have been ao fortunate as ID 
kindle in the hearts of others, that intense desire fiir Ae 
acquisition of natural knowledge, which I feel in my oiri, 
—or have illumined the mental vision with that intel- 
lectual light, which once kindled can never be extinguished, 
and which reveals to the soul the beauty, and wisdom, and 
harmony, of the works of the Eternal, I shall indeed re- 
joice, for then my exertions will not have been in vain. 
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And although my humble name may be soon forgotten, 
and all record of my labours be effaced, yet the influence 
of that knowledge, however feeble it may be, which has 
emanated from my researches, will endure for ever, and by 
conducting to new and inexhaustible fields of inquiry, prove 
a never-failing source of the most pure and elevated grati- 
fication. 

For it is the peculiar charm and privilege of Natural 
Philosophy, that it 

" Can 80 inform 

The mind that is within us — so impress 
With quietness and beauty — and so feed 
With lofty thoughts — that neither evil tongues, 
Rash judgments, nor the sneers of selfish men, 
Nor greetings where no kindness is, nor all 
The dreary intercourse of common life 
Can e'er prevail against ns, or disturb 
Our cheerful faith, that all which we behold 
Is full of blessings !'* 

WORDS WORTH. 

But transcendant as are the privileges which science con- 
fers, the true philosopher feels, with the deepest humiliation, 
that it is neither in the acquisition of knowledge, nor in 
the perception of the true and of the beautiful — even were 
that perceptive knowledge exalted infinitely — that human 
happiness can find a resting-place, or the cravings of the 
immortal mind be satisfied. Every step leads on the im- 
patient inquirer to one beyond itself. " The nicest mecha- 
nical arrangement of the particles of matter, does but 
compel us to contemplate those subtler agents by whose 
action magnetic relations and chemical affinities are next 
developed. Exhaust their range, and still there is palpably 
beyond them the mystery of the vital powers. Follow that 
to its highest source, and yet we have but reached the first 
limits of those mightier energies, of reason, conscience, and 
volition, of which we feel within ourselves the living 
3n2 
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action. And here, where the darkness which may be felt 
presses most heavily upon the inquiring soul, — here in 
seeking to know the Cause of causes, — here alone can there 
be any repose for the immortal spirit. Only on TTTiy who 
made him, can Man rest at last the burden of his awful 
being!"* 



• Bishop Wilberforce. 
Oxford, June 27, 1847. 



Sermon, preached before the Uniyersity of 
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SUPPLEMENTABY NOTES. 



A. Page 835.— M. Strzbleoki oh Kiaauba.— Thefidlowingaoeimiii 
of the volcanic phenomena in Hawiui is so hlgUr tnterartliig; tliaft I 
am induced to insert it entire. '* The volcano of KixBoea Um on Uie 
K. W. side of Mouna Roa, about twen^ miles from the siimmit of tlart 
mountain, and forty from the Bay of Hilo ; its Istiiude Is 19" ST. Iti 
present size surpasses that of every other known voleano* yet it aov 
hardly displays more than one-third of its original magnitade. Its enter 
must have once been twenty-four miles in circamferenoey ae erl- 
denced by the still remaining rains of its ancient walls ; the h1|^bert 
point of which is 5,054 feet above the level of the sea. The simken 
furnace of Kirauea is now reduced to eight miles of circomference, the 
present crater being 4,109 feet in height above the sea; whidi is, 
therefore, at least 950 feet below the brim of the ancient crater. The 
edge of this precipice falls perpendicularly 600 feet lower, to the 
boiling surface of igneous matter. The descent to this level is often 
precipitous, and winds among a thousand openings, which vomit forth 
hot vapours, from an area thickly strewed with tabular niMsea of 
smoking lava. Like the ice in a blocked-up channel, these tabular 
masses remain either standing on end, or heaped in horizontal or hatf- 
raised beds, and gaping with fissures over fearful cavities, resounding 
with noises similar to those of a stormy sea. Six of these were in * 
violent agitation while I was exploring the crater. The snrfiuse of the 
fiery matter in all of them kept at about the same hcdght, and rose, 
sank, and was agitated simultaneously, which seems to show that it 
belonged to one mass of liquid lav% filling the whole area of the 
interior of the crater, and that these cavities are mere openings, and 
the heaps of broken lava which block up part of the crater, are a tem* 
porary crust or covering over the incaiidescent mass beneath. The 
lavu of Kirauea appears to be similar to that of Heda, which is known 
under the name 'cavernous ,* and which, by the intensity of its heat^ 
and the abundance of its elastic gases, produces here, as in Iceland 
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tamefactioiiB, varying from the thicknesB and delioMj of s soap^mbbk^ 
to the size of cayems twenty or thirty feet wide. These Ctt?enu^ iriiidi 
extend in every direction, form, beneath the snifiioe of the idand, iid>- 
terranean chaimels, through which the overflowing hiva makoB Itswij, 
and are often covered by a hollow arch, which yields at onoe to the 
tread. Their interior contains the most interesting inenurtatioiu of 
sublimed minerals, with crystalline forms, the perfection of whidi cu 
hardly be appreciated without the aid of a microsoope, and so delictte 
as scarcely to bear the breath. Mounds of sulphuTy more eztennvs 
than those of Solfatara, are deposited around the southern plane of the 
crater. 

" On the western flank of the crater above described, the appeanneei 
render it probable that the former surfitce of the incandesoent matter 
was 300 feet higher up than it is. at present ; and that the openiog of 
the crater of Mouna Boa, which is now 8,000 feet above, diverted the 
course of the intense subterranean heat from that of KiimDe% or at 
least diminished its intensity. It seems, also, that the incandesoeiit 
matter of the interior of the crater became refidgerated and solidified 
in the mighty caldron ; and that after a lapse of time the base as 
which it stood gave way, under the renewed agency of BabteRiBMn 
heat, when the mass cracked and slipped. A large mass of the solidi- 
fied lava appears to have fallen again into the abysB, and ben »• 
molten : wMle a part remained lodged against the sides of the ei~ ~ 
and is now seen as a rock two hundred feet high, consisting of 1 
trachyte, and lava of several varieties. Between (he sooriaceoua I 
approcujiing to slag, which lies uppermost, and the cioee-'grainedbaaaU 
which forms the lowest portion of the rock, the transition is so gradml^ 
tJiat it is impossible to a>ssign the spot where basaU ceases, amd Ian 
begins. The words, basalt, trachyte, and lav% serve, therefore, onW to 
distinguish the upper from the lower part of a stream of mouea 
matter.** — StrzeleckCs New SovJth Wales, 



B. Pa/ge 862. — Looan ob booking stonba. — In that most snoeevfiil 
of all the attempts to clothe science in the garb of £uicy, — the delight' 
ful volume called " Philosophy in Sport made Science in Earnest,'— 
there is an interesting account of the rocking-stones of Oomwidly which 
the antiquaries of the last century claimed as Druidical momnnento; 
but which haye originated in the natural causes explained in the 6A- 
lowing description of the celebrated Logan or logging^stons!, near the 
Land's End : — 

'' The foundation of this part of the coast of Cornwall is a stapes- 
dous group of granite rocks, which rise in pyramidal dnsters toi 
great altitude, and overhang the sea. The celebrated LoganrStooe k 
an immense block, weighing above sixty tons. The snrfiice in contsel 
with the under rock is of very small extent, a)nd the whole mass If » 
nicely balanced, that, nothwitbstanding its magnitude, the strength of 
a single man applied to its under edge is sufficient to make it osousla 
It is the nature of granite to disintegrate into rhomboidal and i 



APPENDIX. 




905 



masses, which by the further oporatiou of air and moiatTiTo, gradually 
lose their soliil a^Ttgles^ and approach the ^^pheroidaJ form. The fact 
of the upper part of the cliff betn^ more exporied to atmoBphorie 
agency than the parte Ixjaesith, wLLL suiliciently (jxphtin why these 
rounded masses so frequeofcly r^t on. blocks which still preserve tho 
tabular form; and since such epfieroidul blocks muet obv^ioiitily rest in 
that position in whieh their leaser axes are perpendiuular to tbe 
horizon, it is equally evident ihut, whunovcr mi adequate force is 
applied, they must vibnibe on thuit point q^ support^'* — i*kilmopky in 
Sport, sixth editlouj p. 465. 

C. Page 874.— The Key. J. B. Rsads, F.E,S. &c, o» Fossil Ijtpu- 
SORIA ; IN A LETTER TO THE AuTHOR. — *' You are ttware that a micro- 
scopic examination of recent and foBi^il plants has not only enabled me 
to establish some iinportiuit feeta in vegetable phyiitologyj but has 
also led me to pursue an investigation iatimsteiy conncijted with 
* the Wonders of Geology/ With respect to pknia, I ba-Te already 
shown that the solid mu.te rials whitjh are con mined m (Jteir tzj/iH&s^ 
must be ranked auiongst their e^^aenLial elements j aud that while the 
carbon may be readily disjiiipated by bi^t, their solid and earthy 
ingredients, whetlier aiika or iivie^ so perleetly retain, tbe form and 
characters of the ccUb and tabes into which thtiy enter, that tbe Uurot 
and unbumt fipecimeus have sometimes been mistake a, tbe one for 
the other {seep, 711). I premiHo this remark, because it enabled me 
to reply to your qu<iiy, respecting the po^isibility ol tbo existenoj of 




Lion. 138.— Flat LiacuLAa bobi£» ik mica »cnj*T, 

Corresponding In &Y£^ and ft7>pt'QTEii]c;£ with the lio^ti ^f Oailtf^ntsUn dhiuu* ; 
iEi*4fnifled nbout 500 ttmea IlncBr^ 

{Bti the Bei\ J. B, Eeaiis.} 

organic structure in granite, by observing, in the firEt placcj that 
much of wbat 1 have stated with regard to planta, is equally applica- 
ble to large portioua of the animal kingdom aleOj and especially to 
that section of iL, vm. the Infusoria, which might appear, at first sight, 
to be wholly removed from mch speculatmna 

*• My original inquiry having thus conducted me to the conclusion, 
that siliceous onjafihofton li md deJitrndlbk h^ th^ nfjrncJ/ of hrid^ I 
thought it not unreajsonable to inlor that a ttiicful and more cxteuderl 



i 
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microscopic examination into the condition of silica, might lead to the 
Miwovery of elementary organic fonns, even in the primitlFO strata 
tiicmsclve^. It was obviously not necessary to exclude granite from 
thlM examination, under the common and apparently natural impre&- 
bion, that the igneous fusion which preceded the present arrangement 
of its particles, would destroy every trase of organization; for I had 
before me too many manifest proofs, that an intense white heat, 
though capable of fusing gla.«s, was incapable of effecting any change 
in the minute siliceous organization both of plants and animals. 
Moreover, there appeared to be a strong suspicion in some minds, 
that ever}' successive surface of our globe had been characterized by 
its own minute living forms; and you, yourself, had more than once 
contended for the probability of the existence of life during the most 
ancient granitic period of which we are able to obtain any indications 
To give a reality, however, to Sifir^t condition, thus pronounced to b« 
prohahle, we must discover the skeletons of animalcules even ia 
granite itself. But here arises a difficulty which will baffle our utmost 
ingenuity to remove ; for, though on the one hand, 1 meet witii 
siliceous corpuscles in the primitive rocks, and find, on the other hand, 
that the indestructible organic skeletons of recent Infusoria exhibit, 
even under a power of 900 linear, a striking similarity of form, yet the 
entire absence of external structure precludes me from assigning a 
common animal origin to the ancient and recent structures. Still, 
the inquiry, even in its present state, is far from being fruitless ; for 
it cannot but be a matter of surprise, that immense mountain masses 
should have been found to consist of an aggregation of symmetrical 
bodies, between ^J^ and j„ J^th of an inch in diameter, articulated 
together in the form of rings or of slender threads, as in limestone, and 
the quartz of granite : and that an exact counterpart of this curious 
structure in the mineral kingdom should be exhibited in the vege- 
table, by the mouldiness of paste, and in the animal by the OaiUoneUa 
fet-ruginea" 



J). Page 880. — Parallel Terraces op Glen Rot. — I am induced to 
notice, in this place, a remarkable phenomenon observable in some of 
the glena of the Highlands that border the Great Caledonian Valley, 
because the subject has excited the attention, alike of the tourist and 
the geologist. In several of the glens of Lochaber, but more especially 
in that of Glen Roy, there are parallel terraces, at various heights, 
extending on either side ; and which present so regular and artificial 
an appearance as to have been ascribed to human art ; and the ancient 
Highlanders supposed them to be roads formed by their hero Fingal. 

The valley of Glen Roy is of an oval form, and is about four miles 
long, and one or more wide, being bounded on two opposite sides by 
high mountains. Through the middle of this valley, a river, formed 
by the confluence of some mountain-streams, flows into the Spean 
water. 
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On ea«li Bide of this long, hollow, deep Talley, which is bomided by 
dark and lofty mountains, and at a great eleyation^ three strong lines 
are seen, parallel to each other and to the horizon ; the levels of the 
opposite ones coinciding precisely with each other : and so striking is 
this symmetrical character, that the observer can with difficulty divest 
himself of the idea that he is contemplating some cyclopean work of 
the olden times. A slight examination of the nature of these parallel 
terraces is, however, sufficient to convince the uninstructed observer^ 
that they are nothing more than the shores of an ancient lake, fed 
from the neighbouring Alpine regions, which at distant periods be- 
came shallower, and at length entirely disappeared, from the erofiion 
of the barrier which formerly confined its waters.* The foUowing 
explanation of the phenomenon is from a paper that has recently 
appeared ; and corroborates the opinions of Professor Playfidr and 
Dr. MaccuUoch : f — 

The parallel shelves or terraces of Lochaber consist generally of 
bared rocks, forming sloping channels or water-courses; and they Dear 
no accumulations of littoral deposits or detritus. They are perfectly 
horizontal, and are all coincident with some summit level, so as to 
admit of the water flowing over that level as over a lip. Tims the 
uppermost shelf of Glen Gluoy is exaixtly coincident with the watev^ 
shed ridge which divides that glen from Glen Roy ; so that thewaten 
which stood at that height must have flowed out at the head of Glen 
Gluoy into Glen Roy. In like manner the uppermost terrace in Glen 
Roy is coincident with the water-shed ridge dividing Glen Boy from 
the valley of the Spey : the waters which stood in Glen Roy, at the 
second level, must therefore have flowed over the head of the glen 
into Spey- Valley. And the middle terrace of Glen Roy coincides with 
a water-shed at the head of Glen Glaster. Ancient river-courses may 
be traced leading from the different levels of the terraces into the 
neighbouring glens and valleys of lower levels ; and it seems evident 
that the waters which formed the several terraces flowed out of the 
glens, and descended by river-courses into the low countries. Thus 
the waters which formed the terrace in Glen Gluoy descended nearly 
thirty feet by flowing into Glen Roy ; those of the upper shelf in Glen 
Roy flowed in like manner into the valley of the Spey ; those of the 
middle terrace were discharged over the head of Glen Glaster down a 
slope of 212 feet in vertical height into Glen Spean ; and the waters 
that produced the terrace or shelf in Glen Spean issued out of L^e 
Loggan by the ancient river-course at Mukkul. 

It appears, therefore, that barriers originally existed, which pent up 
the waters at different levels in the glens, and were lowered at inter- 
vals ; till at length the lakes were dried up, from the waters sinking 
from the level of the highest shelf to the next ; and thus, by successive 

• See Dr. MaccuUoch, On the Parallel Roads of Glen Roy, Geological Transactions, 
vol. iv. p. 314. 
t On the Parallel Roads of Lochaber; by David Milne, Esq., Edinlnirgh Fhilo- 

soi)hicalJournal, October J 847. 
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steps, as the barrier was worn avray, the lowermoefc tenaee waB^at 
length formed; and ultimately the system of lakes diBappearedy from 
the barrier haying been entirely remoYed. 



E. Page 892.~Sib John Hbbsohel on thb poflSiBLa vawabttiITT oi 
SOLAR iNFLUENCB, (ante, 742 — 745.) — Since those pages were printed, 
another astronomical source of periodical variability in the genml tem- 
perature of the earth's surface, has been suggested by Sir John Herschel, 
in his magnificent recent work, entitled, ResvJUa ofAetronomioalOhaeT' 
vaZions made ai the Cape of Good Hope. Instances of Tariabilit^ in 
the splendour and brightness of certain stars have long been familiar 
to astronomers ; and some remarkable phenomena of this kind were 
observed by Sir J. Herschel at the Cape ; as, for example, in the star 
ri Argua, whose light became tripled in brightness in the oonrse of 
three or four weeks, and then faded to its former appearanoe. Con- 
siderable variability in the luminosity of some of the stars of Una- 
Minor has also been observed of late years. From these fiiets Sir J, 
Herschel suggests the possibility that the sun of our system mav In 
the course of ages be subject to similar phases of augmented or 
diminished energy ; and that such variability in the perioda contem- 
plated by Geology, may have given rise at one epoch to a genersi 
equatorial climate, and at another to one far below the general tem- 
perature that now prevails. "The grand phenomena of Geology 
afford, as it appears to me, the highest presumptive evidence of changes 
in the general climate of our globe. In the slow secular variati<ni8 of 
our supply of light and heat from the sun, which, in the inunenai^ 
of time past may have gone to any extent, and succeeded each othor 
in any order, without violating the analogy of sidereal phenomena 
which we know to have taken place, we have a cause, not indeed 
established as a &ct, but readily admissible as something beyond a 
bare possibility, fully adequate to the utmost requirements of geology. 
A change of half the magnitude in the lustre of the sun, regarded as a 
fixed star, spread over successive geological periods — now progressive, 
now receding, now stationary, according to the evidence of warmer or 
colder general temperatures which geological research has disdosed, 
or may hereafter reveal — is what no astronomer would now hflsitate 
to admit as in itself a perfectly reasonable and not improbable snppo- 
sition. Nor can it be objected that the character of a vera oauaa is 
wanting in such a hypothesis." 



F. Page 894. — Mr. Darwin, on the Galapagos Abohipklackx. — 
" This archipelago consists of ten principal islands, of which five 
exceed the others in size. The largest, Albemarle Island, is of an 
angular form, and 100 miles in length. They are all formed of 
volcanic rocks; a few fragments of granite, curiously glazed and 
aliercd by heat, can scarcely be considered as an exception. Some of 
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the craters surmoimtiiig the larger islands are of imineiise atie^ aad 
they rise to a height of between three and four thousand feet. Thdr 
flanks are studded by innumerable smaller orifioes. I scaieely healtiito 
to affirm, that there must be in the whole arehipelago at least two 
thousand craters : these consist either of lava and seoris^ or of finehr- 
stratified sandstone-like tuff. Most of the latter are beaatifti^y 
symmetrical; they owe their origin to eruptions of volcanie mnd 
without any lava." A small jet of smoke was seen curling from one of 
the craters in Albemarle, and eruptions are known to haye taken place 
in modem times. 

Great parts of the sur£Etce of most of the islands are broken fields of 
black basaltic lava, thrown into the most rugged wayes, and Grossed bj 
great fissures, and covered by stunted sun-burnt brushwood. But 
while the lower parts of the islands are veiy sterile, the upper regionsy 
at a height of a thousand feet, possess a damp climate, and a tolerablj 
luxuriant vegetation. The commonest bush is one of the Euphorbiaoe»y 
and with an Acacia, and a great odd-looking Cactus, are the only trees 
that afford any shade. Coarse grass and ferns abound in the nppor 
parts, but no tree ferns, nor any of the Palm funily, were obserred* 
Large land tortoises, in prodigious numbers, are the principal aiilin^lf . 
and form the staple article of food to the inhabitants, who are nearly aU 
people of colour banished for political crimes from the repnblle of the 
Equator. 

The rocks on the coast of Albemarle Island abound in great blaek 
lizards, between three and four feet long, belonging to two spedes ; one 
of which is aquatic, and feeds on sea-weeds, the other is terrestriaL 
** They are allied to the Iguanidae, (1) and belong to the genus AvMy' 
rhynchiLS, which is confined to this Archipelago. They have long tails, 
flattened laterally, and all the four feet are partially webbed. Most of 
the other organic productions are found nowhere else : there is even a 
dissimilarity in those of the different islands : yet all show a marked 
relationship with those of America, though separated from that continent 
by an open space of ocean between 600 and 600 miles in widths Of 
terrestrial mammals, there is only one that can be considered as indige- 
nous, namely, a mouse ; and even this is confined to Chatham Island, 
the most easterly of the group. Of land birds, twenty-six species were 
obtained, 1 albut one peculiar to these islands. Of the order of reptiles, 
in addition to the Amblyrhynchi, there are one small species of lizard of 
a South American genus ; one snake ; and of marine turtles, or chelonia^ 
more than one species ; and two or three of tortoises. No batrachiui 
reptiles, as frogs or toads, were observed. The Amblyrhynchi are veiy 
abundant, and the terrestrial species especially, in some places; in 
James's Island their burrows were so numerous, that it was difficult to 
find a spot free, on which to pitch a tent. The two species agree in 
their general structure, and in many of their habits; they have not 
that rapid movement so characteristic of the genera Lacerta and Iguana. 
They are both herbivorous, although the kind of vegetation on whioii 
they feed is very dificrent ; the land species feed on the niocn t 
Cactus, and the aquatic species on sea-weed. Mr. Bell ha0 g* 
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the name to the genus from the Bhortness of the snout : indeed the 
form of the mouth may almost be compared to that of the tortoise : an 
adaptation probably referable to their herbiyorous appetites. It is 
very interesting thus to find a well-characterized genns, having its 
marine and terrestrial species, belonging to so coi^ned a portion of 
the world. The aquatic species is by far the most extraordinary, 
because it is the only existing lizard which lives on marine v^etable 
productions. These islands are not so remarkable for the number of 
the species of reptiles, as for that of the individuals. When we 
remember the well-beaten paths made by the thousands of huge 
tortoises — ^the many turtles — ^the great warrens of the terrestrial 
Amblyrhynchi — and the groups of the marine species basking on the 
coast-rocks of every island in this archipelago — we must admit that 
there is no other quarter of the world where the Order of Reptiles 
replaces the herbivorous mammalia in so extraordinary a manner. 
The geologist, on hearing this, will probably refer back his mind to 
the Secondary epochs, when saurians, some herbivorous, some car- 
nivorous, and of dimensions comparable only with our existing whales, 
swarmed on the lands and in the seas. It is, therefore, worthy his 
especial observation, that this archipelago, instead of possessing a 
humid climate and rank vegetation, cannot be considered otherwise 
than extremely arid, and, for an equatorial climate, remarkably tem- 
perate. The botany is as peculiar as the zoology. Of flowering 
plants, 185 species were collected, of which 1 00 are new ; that is, pre- 
viously unknown to the botanist : and 40 cryptogamic species." 
Notwithstanding the length of this extract, the reader should refer to 
the original for many highly interesting particulars, and sagacious 
comments, which are here necessarily omitted. — Mr. DarwirCs Journal 
of a Voyage JRowid tfie World, chap. xvii. 
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nESCRIPTION OF PLATE VI. 



Living Zoophytes ; Lecture VI. 



>^ig. I. Pavonia lactuca; a group of four cells, each cell containing a beaatiful 
green polype ; from the shores of the South Sea Islands ; p. 6S4. 

2. Branch of Goryonia, from the West Indies; p. 617. 

3. Branch of a Gorgonia^ from the Mediterranean ; p. 617. 

4. A polype of Tubipora rubeola, protruded firom its tube; p. 6S0. 

5. Madrepora plantaginea, with the polypes expanded; p. 621. 

6. The disk of the polype represented in fig. 4, when ftilly expanded. 

7. Three connected tubes of Sarcinula mtuicalist magnified, to show the 

internal structure ; p. 619. 

8. Turbinolia rubra, with the body of the zoophyte, as seen alive; p. 622. 

9. Sarcinula tnusicalis, or organ-pipe coral ; from the shores of New South 

Wales, as it appears in the water, with its beautiftd green polypet pro- 
truded; p. 619. 

10. A single detached polype of Jstrasa viridiSf highly magnified; p. 824. 

11. A group of living Actinia, or Sea animal-flowers; p. 621. 

12. A polype of a Tubipore expanded; highly magnified; p. 620. 

13. Asireea viridis, represented as alive in the sea; some of the polypet are 

expanded, and others contracted ; p. 623. 

14. Turbinolia rubra, with the tentacula of the zoophyte expanded; p. 622. 

15. Fungia actiniformis, from the South Pacific Ocean, as seen alive, and the 

polypes in activity; one-tenth the natural size ; p. 623. 
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GL088AIIY. 917 

CmuiTArsA animaU lutviiif an extMiMlerattartlnletoii, aatlMCrab. 

Ceyptooamia plants with concealed flnietUlMtloB,MMoMW,F«i»yftr. 

Crybtallims preientinffthettnictiinoferjratalt. 

CRYtTALi tjnnmetrkal fonna aaraiMd Iqr mtetral ndMtaaeee. 

CupRKovi coppery. 

Cyathiform eup-«haped. 

Cycadbjb planU allied to the palnu aad ftrnt. 

DsBRii the rains or detritni of rocks and ttma. 

DsciDuous parts which are shed, aa toavae of treet* 

Dklta alluvial deposits formed by riven. 

DsNDRiTic branched like a tree 

DsNuoATioM the removal of strata by the action of water, so as to expose 

the rocks beneathtas in the Wealden of the 8.S. of England. 

Dermal belonging to the sUn. 

Dksiccatiow the act of dnring. 

DxTRiTus diilntegrated materials of neks. 

DiroTYLSDowovs plants with seeds bavinff two lobss. 

DioRLPHis a marsupial animal, allied to the opoesnm. 

Diluvium a term formerly employed to designate ■netanl tUuvial 

deposits. 

Dip the inclination of strata. 

DiPTXRA insects having two wings. 

DisroiuAL in the form of a disk. 

Dike an intrusion of mdted matter Into rents or flasnst of iMka. 

Dolomite crystalline magnesiaa limestone. 

Druses minutecrystalsliflingthecavitlesof minerals; as,i»«inqdi^ 

dnuf quart* in the hollows of flint nodules. 

Earth's Crust that portion of the soUd snrfhce of the etith wUsh b 

accessible to human obeervation. 
EcuiMoDERMs auimals having a prickly external integument, as flMttn^ 

fish, Sea-Urchin, tee. 

Eciiixrh sea-urchin. 

KDENTrLouB /oo/A/«M ; animsls having uo fJTont tcoth, as ths AmuidlUo* 

Klvtra winK-€a«CB of insects. 

KscRiNiTE a genus of lily-shaped animals. 

KsToMosTRACA shellcd crustaceans, as the Cyprides. 

KocKNK the dawn of the present epoch ; the early tertiary strata. 

Kpiiemf.ron the creature of a day. 

Krodkd worn away. 

KscARPMEST the steepest side of a hill or mountain-chain. 

KxuviiK fossil remains of animals. 

F M'LT interruption of the continuity of strata with displacement. 

I-'alis a French term for tertiary strata analogous to tne Crag. 

Fai NA the zoology of a particular country. 

Felspar a mineral which enters into the composition of many primary 

rocks. 

Felspatiiic belonging to, or composed of felspar. 

FKKRroiN'ous impregnated with iron. 

Flora the botany of a particular country. 

FoLiA( Eors ,. arranged like leaves. 

FoRAMiMPRRA a diviston of animalcules having perforated shells. 

FuRMATiuN a group, or series of strata, supposed to have been formed 

during one geological epoch. 

FussiLiPERous strata containing fossils. 

Fi'siFORM spindle-shaped. 

(Jastkropoda mollusks with the locomotive organs oh the underpart of 

the body, a;i the Snail. 

Gklatixoi's jelly-like. 

(iLoRusE glol>e-!ike. 

iiuRuu5iA a genus of flexible arborescent corals. 
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• . • Erpianationt of mott of ike icitmUJIe terwu n»t imelmitd im ikit GhtMtMi «rw 
giren in the text^ and may be found bg fmamiH n§ Ike In4m. 



Arr.PHALA nioUusccmiMiiiiuUtwitliootftliMd,MflM03nter»«EB. 

AcicuLAE needle-like, ■hirp-pohited. 

Aerolites minenl nuweei thst fUl flram flM atmoipliM*. 

Aloa afamlljrofmarlEepUuiU. 

Alluvium water-worn materUU. 

Alumimovi*. , clayey. 

Aluminum metalUcbEW of clay. 

Alveola lockets of the teeth. 

Amorphous sh^eleai; devoid of regnlar form. 

Amtodaloid ceUularvoteantcrockt, thecavitleaofwhiehmilltd witk 

other substances. L \\ *^L i— 

Ahastomosed branching and interlacingl " '' " 

AN-riiYLosEn joints of bones immoveably united. 

Ann£lices animals having an external integument formed of rings; 

as the Worm. 

Antknn;e the feelers of insects. 

Axthozoa animal flowers, as the Actinia. 

Astiiracitk stone, or cannel cosil, or culm. 

Antiiracothkrium . an extinct animal, allied to the palaeotheria, found in 

anthracite. 

Apteryx destitute of wings; applied to a particular genua of bird. 

Arborescent tree-like. 

Arknaceoits sandy. 

Argillaceous composed of clay. 

Articl'lata animals without an internal skeleton, and having Jointed 

coverings, as Insects. 

Arundikaceous (artin<fo, a reed) ; plants of the reed tribe. 

AsciDiA.v shell-less mollusks, shaped like a bottle. 

A8tr;f.a a genus of corals. 

AiuiiTE a dark-green mineral found in many volcanic rocks. 

Allolepis pipe tcale ^%)\. 

llARYTEs heavy spar; a mineral so called. 

Hakalt, or Trap ancient lava, composed of augiteandfelspar; often columnar. 

Hanin a series of deposits formed in a depression of older rocks. 

IUtracuian animals analogous in structure to the frog; as the Sala- 
mander. 

ilELEMNiTE (from betemnon, a dart,) fossil dorsal bone of an extinct 

genus of cuttle-fish. 
VOL. II. 3 O 
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Grallx (StilU;) applied to birds having feet like the 1 

Geaxulei little gnins. 

GaAMiNEJB ^1 the order of plants comprising the grasses. 

Gas KN SAND the lowermost member of the chalk formation. 

GRBXKSToirx an ancient volcanic rock. 

GasTWACKi rocks of a conglomeritie character, indurated liy host. 

GaiT granular calciferoas sandstone. 

Gtpsvm sulphate of lime. 

HxxiPTBaA insects with wings, half homy, and half membraneoos. 

Herbivorous living on herbs. 

HoLopTTCHius allwrinkle fish, in allusion to the conragated scales. 

HoMALONOTus («jRoo/A-ftiicik«d ;) name applied to a genus of trilobites, Id 

which the lobes are but feebly produced. 

HoMOLOGUE the analogous organ in different animals. 

Hyaline crystalline appearance, or pellucid. 

Hydra freshwater poljnpe. 

Hydrozoa coral-polypes organized like the Hydra. 

Hyxevoptera insects with four membranous wings. 

Hypooekx rocks formed in the interior of the earth, as Granite. 

Icebergs floating masses of ice. 

Iguava a lizard of the West Indies. 

Imbricated laid over each other like scales.* 

Incandescbxt applied to mineral masses in a state of intense ftiakm. 

Induction the derivation of principles firom £ficts. 

IwFusoRiA microscopic animals that aboimd in inftisions. 

Insectivorous animals that live on insects, as the Hedgehog. 

Inspissated dried up. 

Imvertebrata animals without a bony, flexible spine, or vertebrae, as 

worms, lobsters, &c. 

Lacustrine belonging to a lake. 

Lamellated covered with thin plates or scales. 

Lamelliform shaped like a thin plate or scale. 

LAiiiNiE the thin layers of which a stratum is composed. 

Lapilli volcanic ashes, in which globular concretions prevail. 

Larva the first stage of an insect. 

Lava melted mineral matter erupted tram volcanoes. 

Lepidoptera insects having scaly wings, as Moths. 

Lias a provincial term, applied to a group of strata situated 

between the oolite and the new red sandstone. 

Lignite carbonized wood. 

LiTHODOMi moUusca which perforate stones, sheUs, &c. 

LiTHOLOGicAL the stony character of a mineral mass. 

Lithophytes stone-plants ; a term applied to corals. 

Littoral belonging to the sea-shore. 

Loess a tertiary deposit on the banks of the Rhine. 

Lycopodiaceje the family of club-mosses. 

Macroura long-tail, applied to crustaceans, as the Lobster. 

Macropoma long operculum, name of a sauroid fish. 

^^mTp^r"!^!.?.*!.!?^.?.!!"}*"™*^* ^^^^ ^^^ ^^^^ ^ ^^^ y°™*f- 

Mammillated studded with mammilla, or rounded protuberances. 

Mandibles jaws. 

Mantle the soft external envelope of the moUusks. 

Marl a mixture of lime and clay. 

Marsupial animals which carry their young in a pouch, as the Kan- 
garoo. 

Matrix the substance in which a fossil is imbedded. 

Medullary a term applied to the central pith in plants, and to the 

matter of the brain and spinal marrow in animali. 
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Metamorphism, or 1 the chaTige itidiured in at rata Ity esporttre to a high tEni- 
Metamorphosis...) puratuiB. 

Mica a^niplc mineral, one of tliccQinpon^tpArUof gmtiitc. 

Micaceous coiitajnlng Tnica- 

Miocene middle tertiary sistiKb. 

MoLARES Krindliig tfii'th. 

Molecules micrroscapicr particles. 

Mollusc A ^ofl s^mmal^ di^titut« ofabony itruchufl, u BbeU-6a)u 

Monads the minuteet InAiicriBl aniraaJculea. 

Monitor a jjenus of li^rds inbahltini^ the troplcf . 

MoNocoTTLEDONons.. pl^ts fajivltij? frseiLt ^ith hai one J^l3«, oa Whml* 

Moraine an accumulation nf detiris formed in vatleysby glat^rs. 

MuLTiLocuLAR maoy-cli am beTtjd ishelli,afl tbo Nfvuittlu*. 

MuLTiVALVE shellB cDa]]Ht!iC<l of many pieces^ ea thu Chiton. 

MuscHELKALK a ahfilly limeetane of tb« Triaisic Hyatma. 

Nacreous , pearly, 

Neuroptera insectti having winns finely nerved, ai the Draeon-JIji'. 

Nodule a rcmtidcd minerftl niiu*s^ aa a cbalkHtnt. 

Normal njituralp aroriipixial condition. i 

Nucleus a kernel^ or point rGund which other toatedala ca^llcct^ 

Obsidian ^Ijissy lava- 

Occiput the back part of the skiilL 

Oolite liintrBtone cKtmpoitid nf an afTF^fei^atioti orsphetoidal particl**. 

Operculum « tid; applied to tlie giU-cflVt'iins in fif-hen, and ihc plal^ 

that cloisea the apcrturn in iiolvalv*^ aliells. 

Ophidians the Rnnke tribpsi. 

Ornithorhtnchus... a ^enus uf ELnimsls bavlDg themcuth pcDduced into a beak 

Tike a bird, 

OssicuLA sm^Yl lioaei. 

Ovate egj:^-Bhaped. 

Oviparous animals v^lileh bring forth eggi. 

Outlier n deiaehcd nr lEolate^l maiia of ^trafa. 

Oxide the comhiuatJop (if ostygeu with any motalilic aubsUnce. 

Pachydermata Uilfk-skinnad anbnuk, as thfr rhino^etew, elephant, kc. 

Paleontology the Jielvncu which treat* of exlinet animals and vo^ELables. 

. Parietes tbe walln nf the cavities In anlm^U- 

Pectinated touthcd like a comb, 

Pediform ^hapi^d like ii footH 

Peduncle a statk, or support. 

Pelagic or Pelagian, belonfring to deep fieaa. 

Peperino a volcanic conglnjiieratB. 

Petroleum mineral oil. 

Pinnate shaped like a feather or fin. 

PisoLiTic pea like; re^cmhlEng pea«j ngj^futinate^ tog ethifr. 

Plexus a bundle nf ve«eielg. 

Pliocene tbe newer grciupa tif the tettiary fiirmatiQiu. 

Plumose feather-like. 

Polyparia dorab. 

Porphyry an ancient 3gucQu« rock, 

Pozzuolana volcanic ashes. 

Precipitate the chemical leparationp and deposit iu a «oJidftirm, uf t 

subatanee held in Evolution by water. 

Ptychodus tprinklt^lvvih Ush. 

Pumice light, ji^iongy or porous lava. 

Pyriform pear-shaped. 

Pyrites »ulpburH of iron, 

Pyrogenous ignecinf^ sppHed t^ aneleat melted TE?ckft. 
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QuADEUMAXA {four-hotided); the monkey tribe 

QiJA-aLA-VKKSAL applied to concentric strata, that 

ftcARTz a mineral compoaed of pore flint. 

QuAKTzoiE rocks composed of silez, or flint. 

Radiata » the lowest primary dirislon of fb 

Echinoderms, Polyparia, &e. 

Ramose branched. 

EviFOKM kidney-shaped. 

Keticvlated resembling netrvork. 

KoDEKTiA .^ (g»awer»)'t an order of animals 1 

structure, by which they can 
Squirrel, ^^o. 

Rubble Ihigmentary beds of stone.. 

HuMiKAKTiA animals that chew the cud, as the 

SjLUBiANs reptiles of the lizard order. 

SrAPHiTE extinct genus of cephalopoda, of i 

ScoBisB volcanic cinders. 

Sedimewtaby deposited as a sediment by water 

SsaBEGATioN a chemica] separation of mineral 

&£PTA partitions, as in the shells of the 

Skptabia nodules of clay, having crevices f 

Ss:rrated toothed like a saw. 

SfRTULABiA a genus of arborescent corals. 

8HALE, or Schist slaty clay. 

Selex flint. 

SiticoK the base of Aint. 

Siliceous flinty. 

Sti:.ic[fied changed into flint. 

Silt fluviatile mud. 

SiDTER a precipitate from mineral spring 

S^ATAMous a genus of sea-urchins. 

Sf ATHosE opaque. 

Sfheroidal oblate, or having the form of a s] 

Spicula sharp-pointed processes. 

Squamous arranged like scales. 

Stalactite pendent masses of carbonate of I: 

Stalagmite calcareous concretions formed 

droppings &om the roof. 

Stellular having star-like forms. 

Sternal relating to the sternum or chest. 

Sternum .*. the breast-bone. 

Stratified deposited in layers. 

Stratum a layer of any deposit. 

Strike the direction or line of bearing ol 

right angles with the dip. 

Stufas volcanic vents emitting gases am 

Syenite, orSiENiTE . a species of granite in which ko\ 

of mica. 

Tentacula feelers. 

Tertiart ancient formations, but newer tl 

Testacea shells. 

Thermal hot. 

Thoracic belonging to the chest or thorax 

Trachyte lava chiefly composed of felspar, 

Trap rocks ancient volcanic rocks ; the tern 

trappa, a stair. 

Travertine crystalline tufaceous limestone. 

Tricuspid having three points. 

Tridactyle three-fingered. 

Trilobate three-lobed. 
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Trilobites an cxtmcit fenuly of cruBEacea, the bofly divided into thiec 

Juibes. 

TuBiPOBA oi|gan -pipe corah cftralRCompoRod of tubes. 

Tufa calcafeoua deposit ftram incriia ting stream !► 

Tuff earthy volcaDiL'^ rock. 

Turbinated top-flhaped, in form uf an Invertud eime. 

Unconformable strata lyiniz in adiSex«ttt poiltlon tatbue cm which tbey re^t- 

Ungulata huofL'd aulmila. * 

Univalve sl^ell ctmpoded of but one pkce. 

Veins (Itsiuyes in iwks^ filled up by tuLoetal HabAtoiieeit. 

Vermes wonuii. 

Vermiform worm-shaped- 

Vertebrated animalfl having a fleidblej osiJteoue, fpinal Ciiluiutu 

Verticillate arra3i]?tid In whorls. 

Vesicular full of veaiclei or cell*. 

Villi processes in animal itrucUiTfifi, rctembllng the pil^ ot 

velvi-'t. 

Vitrification ihn fusion of a subttiiace intd ffl*s8 hy heat. 

Viviparous bringing forth live ynung. 

Zeolite peculiar minerals fnund in volcatiia roeti> 

Zoology « the ttudyoT animate. 

Zoological rektlnj^ to auimals, 

ZooFHTTES auhtial-plantt, a term appLled to eot^n and oth£7 aMmdJ» 

that resemble vt:getahk& in form. 
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CORRIGENDA.— VOL. I. 

Page 6, line 5 from the bottom '.—for Coals read Coal- 

— 52, — 10 Obers — Olben. 

— 184, — 6 presented by — of. 

__ 207, — 7 Cambrian — Cumbrian. 

— 208, — the top lin e Cambrian — Cumbriui. 

— 223, — 16 from the bottom '.-—dele and Norfolk. 

— 224, — 21 : • or Norfolk. 

— 252, — 9 from the top ; for have been already, read will be 

hereafter {ne pp. 260 and 265). 

— 288, is misprinted 828. 

— 357, line 19 from the bottom ; for Odontapsis, read Odontaspis. 

— 400, foot notet ; for Inglesi, read Jugleri. 

— 412, line 3 from the bottom ; insert a temieolon after tertiary. 

— 464, line 1 1 , from the top, dele semicolon, and insert a comma. 

— — — 23, de/c <A«*«nicoto»<^/iterdiallagerock. 

— _ — 31, /or alteration, reaif alterations. 



VOL. II. 



Page 533, line 7 from the top ; for Rhyncosaurus recUl Rhynchosaurus. 

— 552, 553, and 559, the same misprint occurs. 

— 586, line 7 from the bottom, dele utterly. 

— 607, — 7 from the top ; for bu, read but. 

— 622, — 15 — — ^— for ruber, read rubra. 

— 691, — 3 from the bottom, dele , the : read For the most bituminoos coal, &c, 

— 694, — 13 from the top ; for remarked read described. 

— 699, — 22 for living read recent. 

— 701, — 14 from the bottom; for is as low, read is a slow. 

— 750, — 4 from the top ; dele the comma after fed. 

— 792, — 9 for Mr. read M. 

— 797, — 16 for organic, reoA organic. 

— 841, bottom line ; for mus read must. 

— 846, line 9 from the bottom : dele mode of. 

— 895, — 8 from the top ; dele the comma after concealed. 

— — , — 11 for is read are. 

— 907, — 8 for iminstructed read instructed. 

— 909, — 27 dele the (?). 

*«* As some of these errata aiTect the meaning, the reader is requested to 
correct them with a pen or pencil, before perusbig the work. 



DIRECTIONS TO THE BINDER. 

*«* The Engraving of the Country of the Iguanodon is to firont the Title-Page 
of Vol. I. 
The Geological Map of England, Plate I. to be placed opposite to p. 464, Vol. I. 

Plates II. III. and IV. to face their respective description in Vol. I. ; Plates V. 
and VI. to be placed at the end of Vol. II., opposite to p. 912 and p. 914. 
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Elevation op the Lanu. — From the following fitatement it appeafs, 
that the slow upward movement of the land ia in prograas in other 
countries as well as in Scandinavia (aniej p, lltJ)* 

"Gradiud rising of Nfiwfoundland €^ov^ the i^efi.— The whole of 
the land in and about the neighbourhood of Ooaception Eay, veiy 
probably the whole island, ia rising out of the ocean at a rate 
which promises, at no distant day^ materially to affectj if not to 
render useless, many of the beat harbours on the eomst. At Port 
de Grave a series of obBervations have been made, which \mdeniably 
prove the rapid displacement of the sea-level in the vicinity. Several 
large flat rocks over which schooners might pass iome thirty or forty 
years ago with the greatest facility, are now approaching the surface, 
the waters being scarcely navigable for a &kiiT. At a place called the 
Cosh, at the head of Bay Roberts, upwards of a mile from the sea- 
shore, and at several feet above its level, coverod with five or ms feet 
of vegetable mould, there is a perfect bea^h, the stonea being rounded, 
of a moderate size, and in all reupecta similar to those now found in 
the adjacent land washea/' — ^^ffwfoundland TimeSj October, 1S47- 

Discovery op the E(:<j3 of the Moa oj Kew ZKAiiAifi>,^(&ee njafc, 
p. 129). — My son, Mr. Walter Mantel!, of WellmgtOEi in a kte explor- 
ing expedition into the interior of the eountryT i^ eeareh of remaina 
of the gigantic struthions birds with which those ishinda onoe 
abounded, discovered numerouij fragments of the e^gj^^ flome of which 
I have received. These f^peciuicLifl couaist of small parti on^j, having 
their edges rounded, as if wntenvom. The shell is of a light cream 
colour, and the external surface i^ marked with numeroufi fine, short, 
interrupted, linear grooves, : differing from the egga of the Ostrich and 
Emu, but most nearly le-jembling thoise of the latter* The sbeD is 
relatively thin, and from ihe slight degree of coavexity of the largest 
specimen, must have betfn of great aize. 
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Til'; bone-: cjjViv^f'A by my eon amoant tonpwiidBof 700, belong^g 
t/> various parL.> of tL'; -.Leleiou, and to serenl epedes of Moa. He 
infonxj i lae, tliiit ainon;^ them are portions of skallB and mandibles : 
thfi LatV:r will be a highly interesting addition to our knowledge of 
the oKVjolojzy of these colossal bipeds, for no yestiges (^ these bones 
have U^en hent to KD;?laad. The specimens were shipped to Sydney 
ill April last, but liavc not yet arriTed. 

31 y Kon could obtain no further information from the natlTes, as to 
the probability tliat any Kpccies of these stmtluons birds, except the 
Apteryx ianU',^ p. 12S;, arc Ktill in existence. From the fresh ^pear- 
anee of many of the bones and egg-shells, it is howerer erident, that 
this noble nice of birdn inhabited New Zealand at no yeiy remote 
period. 

Fossil J^eavkk (kco a»^?, p. 154).— Some bones, teeth, and a skoll 
with the lower jaw, of a gigantic beayer, haye recently been fonnd in 
North America, in the alluvium that contains the remains of the 
jM a^todortH. 1 1 appears to be nearly allied to the TrorfoiiJthferiuakt found 
in the mammoth depo.sitri of Silioria. The original is estimated at 
twice tlie Kizc of the common Castor, or five feet in leng^ An inte- 
resting memoir of these fossils, with admirable lithogxaphSj is pnb- 
lished in the Boston Journal of Natural Histoiy for 1846; by Dr. 
JeHcrieH Wyman. 

Skull of tiik ZEUOiiODON (bco ante, p. 281). — ^A skull of this extinct 
cetaceous animal of the eocene strata of North America, has recentiy 
been discovered near Charleston, and is described in the American 
Journal of Science for Heplemhp.rf 1847. The occiput, with its double 
(condyle, is preserved. It belonged to a yery young animal, the entire 
Icn^^lh bcin/^ only fifteen inches. The correctness of Professor Owen s 
«lctcrminalion of the natural affinities of the Zcuglodon, is thus placed 
beyond all doubt. 




REPERBNCEB IN THE MEDALS OP CEEATIUxV 

TO til a. yaaMKA KUlTlttXi af TItK 

WONUER^ OF OEOLOOy, 



MIDAL8 OF 
CAEATIOK. ^0»»«M Or OtOJ*f>ftTf. 

Former i*rrtfnt 

Edition. HmtiOH. 

Paxe Pan |>u# 

27 751 nS 

— 704 %n 

2« 91 ,.. IH 

31 128 ,,.. %m 

— i»7 „. aoi 

32 206 32a 

— 209 ...^,„„..,» ajfl 

W S44 ..,. 3rt5 

36 439 49] 

33 454 m 

39 461 „ „ AM 

41 595 ,.. 611 

42 613 ...„, 751 

43 695 T6fi 
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4r> 705 Hf 
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47 771 905 
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51 58 ,„„. U 
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— 83 04 

54 139 Ifil 

55 102 ,. 113 
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64 372 3M 
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— 374 ,... a»5 
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66 622 994 

83 47 «4 

85 269 tn 

86 225 saw 

87 688 377 

S8 373 ,......, 304 

— 622 .„. 6SU 

^2 598 65* 

na 633 ..„..., 6TO 

— 621 ,.„ elr3 







I 



926 



REFERENCES IN THE MEDALS OF CREATION. 



MKDAL8 OF 
CAEATIOK. 

P»ire 

323 


WONDERS OF GEOLOOT. 

Former Present 
Edition. Edition, 

Pave Page 
.... 463 i5S4 


MXDALI or 
C&XATIOll. 

Pxe 

714 


woxDXKaor gxoloot. 
Former Preieut 

.....^i... ?S 




... 580 


647 


717 


489 


........ 673 


324 


.... 585 


537 


721 

740 


...... 388 


415 


326 


.... 587 


655 


...... 890 ...... 


......... 424 


329 


. 309, 582 


652 


743 

747 

748 

754 

782 

800 

802 

80S 


8»i 

... pLiiL 


........ 425 


356 


.... 311 


328 


430 


381 


.... 474 


736 

408 


.« pi. iiL ...... 

.„... 299 


„ 433 


395 


.... 383 


811 


398 


.... 231 


244 


492 

888 


........ 577 


411 


.... 350 


404 


........ 253 


417 


.... 378 


402 

245 


169 


174 


419 


.... 232 


119 


^ ISJ 


420 


.... 350 


404 


809 

817 

818 


478 


„. 555 


421 


.... 231 


244 


^... 118 


128 


438 


.... 475 


736 

404 


116 ....„ 


181 


440 


.... 350 


820 


47 


64 


441 


.... 313 


330 


821 


69 


86 


442 


. . 231 


244 




189 


151 


470 


.... 450 


513 


— 


145 


H8 


531 


.... 237 


251 


2S9 


255 


1^39 


.... 451 


513 


447 


510 


552 


.... 673 


788 


^ 
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.. 134. 188 


556 . .. 


.... 674 


789 


829 

831 !!.!!!*.! 


102 

120 


........ 114 


557 


.... 670 


790 

790 


182 


563 


.... 677 


138 


147 


564 


.... 677 


791 

790 


832 


...... 162 


173 


565 


.... 676 


833 


241 


„, 255 


581 


.... 245 


260 


838 


146 


......... 157 




.... 248 


261 




150 ...... 


160 


583 

604 


261 


272 





102 


114 


.... 334 


348 


842 


154 


164 




.... 681 


741 


848 !!'.*.!!!*. 
850 


158 


« 167 


619 


330 


343 


133 


144 
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.... 681 


741 
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636 


459 
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854 
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„ 177 


615 . 


... 682 


761 


855 

893 


179 
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334 . . 


. ... 348 
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. 335 


349 


907 


358 


878 


660 


... 337 


351 


911 


370 
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661 


.... 330 


350 


912 
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342 . 

877 


362 


662 
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260 
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663 
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65 


79 


687 
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700 


.... 797 
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940 
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681 


706 
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946 
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854 
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... 489 
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♦»* The references to Mr. Lyell's Principles of Geology are to the 6th edition oi 
that work. 

The numerous references to the Medals of Creation were made to economise 
space, by avoiding the necessity of inserting the authorities therein quoted. 



GENERAL INDEX. 



A. 

ABBERLE7 Hills, 778. 
Acroaaurus, 553. 
Actinia, 621. 
Actinocrinns, 653. 
Aerolites, 56, 472. 
jEshna Liassina, 527. 
Agassiz, M., on fossil fishes of tlie 
Chalk, 356. 

• fishes of the Trias, Sfi^l, 

glaciers, 73. 

Age of reptiles, 581. 

Aix, geology of, 260. 

Alleghany Mountains, 691. 

AlumBay, 238, 241. 

Amber, 242, 704. 

Atnhlypteru$, 740. 

Amblyrhyncua, 484. 

Amphitherium, 511. 

Analogy not Identity, 603. 

Ancient World, 892. 

Andes, volcanic mountains of, 8S& . 

tertiary strata of, 282, 288. 

Anglesea, Isle of, 865. 
Animal membranes in Chalk, 323. 
■ fossil coral, 64 'f. 



organization, 592, 595. 

Animalculites in Chalk, 321. 

fossil soft parts of, 323* 

Anoplotherium, 256. 
Anthozoa, 612. 
Anthracite, 706. 
Anlhracotherium, 257. 
Apiocrinua, 653. 
Appalachian Mountains, 691 . 
Apteryx of New Zealand, 128. 
Araucaria, fossil, 381. 
Arctic volcanoes, 838. 
Arran, Isle of, 858. 
Artesian wells, 235. 
Artificial petrifactions, 709. 

rubies, 866. 

Asaphus, 790. 
Ascension, Isle of, 91. 
Asterophyllites, 715, 717. 
Astrcea, 623. 

ananas, 641. 

Tisburiensis, 641. 

Atmospheric condition of the Coal epoch, 

728. 
Atoll, or Coral Island, 631. 
Augite, 816. 

Auriferous alluvia of Russia, 869. 
Aust Cliff, 536. 
Australia, fauna and flora of, 7N, »!>S, 

895. 



Auvcrgne, pcology of* 30T» 
Ayleatjary* VbJc of, 492. 
Aymestrylinue^tDne, 7ilH. 

B. 
BabbagL% Mr.^ on foe ill t»«i, G^T. 

- — » Temple of PuitUiiciU^ 

no. 

FtigMiot Sandt 23». 

Ba!n, Mr., on fotftU reptiles, 552- 

JJakewell, Mr., IntrDduErtlDn to Geology 

by, 54 &. 
on earboniferoua «trntJi, 



tbe (HiUtc flf Savoy , & ] 9. 
the mtHJDj 457. 
r«movn) ut detritus. 



Bala IlnnHttoiifr, 79li. 
Bardon Hill. 8(13. 
RntTow Hin, trap dike of, Oil!. 
Lurrow on Suafj 575. 
Barrier-reefs, 031, 
BfisaU, nature of, S4a, 
■ — colunmdr, a.'SO. 
~ — ill eontoc^t^lth clialfc, 8^5. 
BatrBchiBns, foitqilj 550, 6S0. 
Bay of Bais, 108. 

. — FuTidy, coal of. Gfi. 

Naplci, lU, 550. 

Bead-ci>ni;ltf!iier&te, JJ3. 

Bea,rB, fosnU, of the cavemfi, 177. 

BeauicDiit. M. EUe De, an montitQiii 

Beaver, fowil eIcuII of, 154, 9H. 
Beche, Sir H. De In, vn Dartmoar gt^- 
nlte, BUS. 

IrajUtolie niv 



duleg, 73S. 



1, 7r&. 



- iub-urUl vflh 
-theoretiealOea 



logy, ft42. 
Becquetel, M., eipeTlniqnta of, SCC, 

on veiai, SfiS. 

Belemnit&B, 35f^ 

Ben Nevie, structure cf, HSO. 
B eruiuda 1 imes t on e^ S-t , 
iltfrj^* ofthe Chalk, 346. 
Hipbone Lick, |57, 
Blnney, Mr,, oit Stigmifriff?, 7tl. 
Bitiln, fmaW Tcm&tnH of, iSA, 4411, 
Hiecbof, M,, on primary rocJtj, 144. 
Biahop o^f London, quoted^ 29, 
Oxforii, Sermon of, POL 
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Bitumen, 703, 704. 

Blue -John spar, 681. 

Bone, microscopical examination of, 185. 

Bonn, geology of, 278. 

Botanical Epochs, 745. 

Boulders, erratic, 209. 

Bradford clay, 505. 

encrinites, 505. 

Brewster, Sir D., on the diamond, 705. 
Brighton, structure of the clilfs, 113. 

mutations of the coast, 449. 

Brine springs, 538. 
British Channel, bed of, 70. 
British Museum, specimens in, of Chalk 
Fishes, 347. 

Chirotherium, 656. 

Hyleeosaurus, 435. 

■ Ichthyosauri, 572. 

• Iguanodon, 422. 

Lias fishes, 524. 

Omithichnites, 558. 

Flesiosauri, 572. 
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